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ABSTRACT
A view o f  th e  ev o lu tion  o f  hunan s o c ie t ie s  u t i l i z in g  th e  
p r in c ip le s  and fin d in g s o f  a  number o f  d is c ip lin e s  o f fe r s  th e  
p o s s ib i l i ty  o f  a  more h o l i s t i c  and g re a te r  understanding o f  
th e  processes involved in  s o c ie ta l  growth and development. 
U t i l iz in g  th e  f i r s t  and second laws o f  them odynam ics, s o c ie t ie s  
as s o c ia l  systems involve energy exchanges w ith  th e i r  env iron­
m ents, im porting low en tropy and exporting  h igh  entropy in  
th e  form o f  waste and h e a t. Energy i s  seen as a  co n d itio n in g  
f a c to r ,  o f fe r in g  p o s s ib i l i t i e s  as w e ll as l im ita t io n s  f o r  
q u a n ti ta t iv e  growth in  term s o f  popu lation  and fo r  q u a l i ta t iv e  
development in  term s o f  an e la b o ra tio n  o f  s tru c tu re  and an 
in c re a s in g  systernness. C u ltu re , p a r t  o f  which involves in f o r ­
m ation, on th e  o th e r  hand i s  seen as a  c o n tro l l in g  f a c to r  which 
g ives d ire c tio n  to  th e  ev o lu tionary  p ro cess . An in c re a s in g  
systemness acconpanied by a  g re a te r  t r a n s fo rm tio n  o f  energy 
involves th re e  e s s e n t ia l  c h a r a c te r is t ic s .  One i s  an in c re a s in g  
s o c ia l  d i f f e r e n t ia t io n  by which ro le s  become more sp e c ia liz e d  
and concen tra ted  around p a r t ic u la r  a c t i v i t i e s ,  e s s e n t ia l ly  
o rien ted  around th e  econony, in  accordance w ith  the  development 
o f  need and th e  d e s ire  fo r  a  g re a te r  production  o f  those o b jec ts  
th a t  a re  s o c ia l ly  valued . A second i s  an in c re a s in g  com plexity 
by which 'd i f f e re n tia te d  s tru c tu re s  become t i e d  to  an o v e ra ll
design o f  th e  system  so t h a t  a  d iv e r s i ty  w ith in  complementarity 
o r  an interdependence among autonomous, d i f f e r e n t ia te d  s tru c tu re s  
r e s u l t s .  Complexity i s  p a r t ic u la r ly  ev iden t in  th e  development 
o f  power s tru c tu re s  which become c e n tra l iz e d  to  e x e rt g re a te r  
c o n tro l over resources and in d iv id u a ls . A t h i r d  c h a ra c te r is t ic  
i s  in c re a s in g  in fo m a tic n  by which th e  b eh av io ra l design o f  a  
s o c ia l  system  in  term s o f  i t s  goals and values become more gener­
a l iz e d  to  give in c lu s io n  to  d iverse  a c t iv i t i e s  and s tru c tu re s  
w ith in  th e  system. Inform ation is  e s s e n t ia l ly  a  c h a ra c te r is t ic  
o f  c u ltu re  which se rv es  to  s e l f - r e g u la te  and c c n tro l a  s o c ia l  
system , u t i l i z in g  th e  p r in c ip le s  o f cy b ern e tics  and feedback loops. 
A ll th re e  c h a r a c te r is t ic s  fu nc tion  t o  give a d a p ta b i l i ty ,  in te g ra ­
t io n ,  and pa ttem -m ain tenance  re sp e c tiv e ly  which, as they  develop, 
provide a  g re a te r  o rd e r  o r  sy s te m e s s  to  a  so c ie ty . From th is  
d iscu ss io n  a  number o f  p ro p o sitio n s  a re  co n stru c ted  r e l a t in g  an 
in c re a s in g  energy conversion in  contemporary s o c ie t ie s  to  in c re as­
ing  s o c ia l  d i f f e r e n t ia t io n ,  com plexity, and in form ation . An 
ex p lo ra to ry  t e s t  was conducted among a  sample o f  c o u n trie s  w ith  
regard  to  a  number o f  hypotheses. The r e s u l t s  dem onstrated the 
u t i l i t y  o f  a  thermodynamic th eo ry  o f  s o c ie ta l  evo lu tion  b u t a lso  
th e  need to  modify and c la r i f y  th e  th eo ry . A th eo ry  o f  s o c ie ta l  
ev o lu tion  o f  th is  k ind  o f f e r s  th e  promise o f  a more g e n e ra liz in g  
and in c lu s iv e  understanding  o f  ev o lu tio n ary  p rocesses w ith  s ig n i f ­
ic a n t p r a c t ic a l  im p lica tio n s .
CHAPTER CNE 
INTRODUCTION
Man i s  unique among l iv in g  organisms from th e  stan d p o in t o f  
h is  in te l l ig e n c e ,  c r e a t iv i ty ,  and c u ltu re . In th e  lc n g  evo lu tionary  
p rocess from th e  P a le o l i th ic  Age up to  th e  p re se n t, ran  has over­
shadowed o th e r  l iv in g  forms and has l i t e r a l l y  conquered the  e a r th .
He has been a b le  to  do so p r im a rily  because in  th e  long and gradual 
p rocess o f  in te ra c t io n  w ith  h is  ph y sica l environment which long 
su b jec ted  him to  i t s  own c o n tro l , he lea rn ed  through h is  im agination 
and ejqjerience to  adapt to  i t  and ev en tu a lly  t o  c o n tro l i t  to  a  
la rg e  degree. The environment p rov ides man h is  su b s is te n c e , but 
th e  gradual ex tension  o f  h i s  b io lo g ic a l  and o rg an ic  c a p a b il i t ie s  
in to  what Georgescu-Roegen term s "exosom atic instrum ents" enabled 
him to  c re a te  an eoonony on h ig h e r and h igher le v e ls ,  n o t only fo r  
in c re a s in g  h is  su b sis ten ce  le v e l ,  but fo r  th e  enjoyment o f  life ." '"
More in p o r ta n tly , th e  c re a tio n  o f  c u ltu re ,  vihich i s  considered  by 
same s tu d e n ts  o f  n a n 's  e v o lu tio n a ry  development as having rep laced  
g en etic s  as an ev o lu tio n ary  ad ap tiv e  mechanism, has c e r ta in ly  enabled
nan to  more fu l ly  e x p lo i t  and extend h is  n iche in  se rv in g  h is  needs
2
cn alm ost every  le v e l .  C e rta in ly , so f a r  as th e  ad ap ta tio n  process 
i s  concerned, c u ltu re  can change much f a s t e r  th an  th e  gene pool and 
" fo r  a t  l e a s t  te n  thousand and perhaps fo r  one m illio n  y e a rs , man
^N. Georgescu-Roegen, The Entropy Law and the Economic 
P rocess. (MIT P re ss : Cambridge, Mass. 1971). pp. 3O7-30fe'.'
A lexander A ll and, J r . , E volution and Hunan B ehavior. 
(N atu ra l H isto ry  P ress : Garden C ity , New York. 196*7). Chapter 9.
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has been adap ting  h is  environments to  h is  genes more o f te n  than h is
genes to  h is  environm ents." An a n a ly s is  o f  th e  com plexity o f  human
so c ia l l i f e ,  furtherm ore, rev ea ls  the  adap ta tion  o f  man to  Hie
environment o f  o th e r  men, fo r  in  le a rn in g  to  cooperate and organize
fo r  common ta sk s  and g o a ls , man has been ab le  to  accom plish f a r  more
and c re a te  h ig h e r  goals than  he oould have as an i s o la te d  in d iv id u a l
4o r  as i s o la te d  groups o f  in d iv id u a ls .
As unique as nan i s ,  he n e v e rth e le ss  l iv e s  in  th e  b io lo g ic a l 
world and has many o f  th e  b io lo g ic a l demands as any o th e r  l iv in g  
organism . One nay su sp ec t th a t  th e  laws applying to  th e  growth and 
maintenance o f  p la n ts  and anim als a re  q u ite  s im ila r  to  Hie laws 
governing n a n 's  evo lu tionary  development w ith  re sp ec t to  expansion 
in  numbers and a  q u a l i ta t iv e  development o f  h is  s o c ia l  o rd e r. I t  
may be p o ss ib le  th a t  th e  general p r in c ip le s  which p e r ta in  to  b io lo g i­
c a l  organisms and th e i r  eco lo g ica l re la tio n s h ip s  as system s nay be 
a p p lica b le  to  the com plexity o f  man's s o c ia l  l i f e .
The so c io lo g ic a l and an th ro p o lo g ica l l i t e r a tu r e  abounds w ith 
th e o r ie s  and s tu d ie s  concerning s o c ia l  change and s o c ie ta l  develop­
ment, s o c io -c u ltu ra l  e v o lu tio n , the n a tu re  and com plexity o f  so c ia l  
o rg an iz a tio n , c u ltu re ,  and th e  l ik e .  Few have s e r io u s ly  e n te r ta in e d  
o r  shewn any acquaintance w ith  th e  fin d in g s in  o th e r  s c i e n t i f i c  
d is c ip l in e s  to  a r r iv e  a t  a  more h o l i s t i c  and in te g ra te d  sc ience  o f  
man in  s o c ie ty . Even in  th e  f i e ld  o f  hurran ecology where attem pts
3
Theodosius Dobzhansky, Mankind Evolving. (Yale U n iversity  
Press: New Haven, Conn. 1962). p . 315*.
^G. G. Simpson, The Major F ea tu res o f  E vo lu tion . (Columbia 
U n iv e rs ity  P ress: New York! 1553) C hap te r 6.
were made in  th e  p a s t to  apply some general ideas from botany and
bio logy , th e  analogies concerning such concepts as com petition ,
domination and succession were ap p lied  isom orphically  and u n r e a l i s t i -
5
c a lly  to  hunan se ttlem en t p a tte rn s . What i s  la rg e ly  neg lec ted  o r  
re le g a ted  to  the in te r e s ts  and domain o f  o th e r  f ie ld s  o f  study i s  
a  pe rspec tive  o f nan ta k in g  in to  account the  environment in  which 
he l iv e s ,  how he has adapted and i s  adapting to  i t ,  and th e  conse­
quences th a t  in te ra c tio n  w ith th e  environm ent, p a r t ic u la r ly  i t s  
resou rces, has upon h is  so c ia l l i f e .  One nay suppose th a t  n a n 's  
needs and goals have a  la rg e  impact upcn how he organizes to  meet 
them. Since subsistence  and the enjoyment o f  l i f e  ( so c ia l ly  valued 
o b je c ts )  depend on re so u rces , s p e c if ic a lly  energy, how nan e x p lo its  
h is  environment w il l  to  a  la rge  e x te n t in fluence  and perhaps determine 
the manner in  which he organizes and h is  environment o f  symbols.
The re lev an t fe a tu re  o f  man's so c ia l and c u ltu ra l  evo lu tion  
as recognized  by b io lo g is ts  and an th ro p o lo g is ts  i s  th e  expansion 
o f  h is  n ich e  in  the  ecosystem and, as Duncan s t a t e s ,  one cannot 
overlook unless one i s  overly  an th ropocen tric  "tine co n tin u ity  o f
Iran's use o f  m a te ria ls , energy, and inform ation w ith  those o f
6
proceeding and a sso c ia ted  l i f e  form s." In  a  framework which 
considers man as p a r t  o f  th e  ecosystem ( fo r  th a t  i s  what th e  word
^For examples, see: Robert Park, "Human Ecology" American 
Journal o f  Sociology 42:1-15 Ju ly  1936. R. D. McKenzie, "The 
Scope o f  Hunan Ecology" P ub lica tion  o f  th e  American S oc io log ical 
Society  20:141-154 1926.
6
0. D. Duncan, "Social O rganization and th e  Ecosystem" 
in  Handbook o f  Modern Sociology. Ed. by R. E. L. F aris (Rand 
McNally: Chicago. 5361+) p7  40.
ecology means -  th e  "house" in  which man l iv e s )  th e  evo lu tion  o f  
so c io -cu T tu ra l systems has been accompanied by an e v o lu tio n , o r  
perhaps more a p p ro p r ia te ly , a  de-evo lu tion  o f  the  n a tu ra l  environm ent. 
Since man d e riv e s  h is  means o f  l i f e  and indeed th e  c o n s tru c tio n  o f  
c iv i l iz a t io n  from the  reso u rces which n a tu re  p ro v id es , to  speak o f  
"b io lo g ic a l o r  s o c ia l  e v o lu tio n  in  a non -evo lu tionary  environment
*7
i s  a  c o n tra d ic tio n  in  te rm s."  Excepting p rim itiv e  s o c ie t ie s  which 
e x is te d  by and la rg e  in  eq u ilib riu m  w ith  th e i r  environm ent and n o t 
su b je c t to  the  continuous and ra p id  change o f  modem l i f e ,  th e  
growth and development o f  human s o c ie t ie s  would n o t have been p o ss i­
b le  w ithou t th e  resou rces which o ffe re d  man the  m a te r ia ls  fo r  
to o ls  and h ig h e r  te c h n o lo g ic a l c o n stru c tio n  and th e  energy by which
g
a  tran sfo rm a tio n  and tr a n s p o r t  o f  m a te ria ls  was p o ss ib le . Man, by
h i s  use o f  m a te r ia ls  and energy to  c re a te  a  world c iv i l iz a t io n  and
c u ltu re  i t s e l f ,  has g e o lo g ica lly  changed th e  face o f  th e  e a r th  in
a  way th a t  n a tu ra l  fo rces cou ld  n o t in  such a r e l a t iv e ly  sh o rt 
g
p e rio d  o f  tim e.
The s a l i e n t  q u estio n  w ith  regard  to  nan’s s o c ia l  l i f e  i s  what 
consequences m an's expansion o f  h is  eco lo g ic a l n iche  through exo- 
scm atic  means, p a r t ic u la r ly  w ith  r e s p e c t  to  energy use and t r a n s fo r ­
m ation, has had upon h is  l i f e  in  s o c i e t y . . For i f  c u ltu re  change i s
n
Georgescu-Roegen, The Entropy Law and th e  Economic 
P ro cess , p . 203.
g
Prom t h i s  p o in t o n , growth r e f e r s  to  in c re ase  in  popu lation  
and numbers o f  s o c ia l  u n i ts ,  development as an e la b o ra tio n  o f  
s t ru c tu re ,
L. Thomas, ed. Man's Role in  Changing th e  Face o f  th e  
E a r th . (U n iv e rs ity  o f  Chicago P re ss : Chicago, 1356).
i s  an adap tive  means o f  changing from one n iche to  an o th e r, i t  seems 
reasonab le  th a t  c u ltu re  o p e ra tes  w ith in  th e  l im its  t h a t  d ie  env iron­
ment inposes upon nan and which cond itions what i s  p o ss ib le , given 
a  range o f  a l te rn a t iv e s  to  s o c ia l  behav io r. A number o f  examples 
can be c i te d  w ith  re s p e c t t o  s o c ie t ie s  which i l l u s t r a t e  th e  in te g ra ­
t io n  o f  c u ltu re  w ith  th e  co n d itio n s imposed upon them by energy
10
a v a i la b i l i ty  and vtiich r e s u l t s  in  a  hom eostat- m ain tain ing  system.
The p a in t  up to  here  i s  th a t  energy tran sfo rm a tio n  by man has
consequences fo r  h is  s o c ia l  l i f e  and even, a s  White suggests , f o r
h is  c u ltu re .  ^  I f  o rg an iza tio n  and o rd e r  a re  the  endriest p a r t  o f
energy flew , i t  would seem th a t  c e r ta in  laws ap p lica b le  in  the
f ie ld s  o f  p h y sic s , chem istry , b io lo g y , g e n e tic s , and ecology which
concern them selves w ith  energy tran sfo rm ation  and exchanges are
12a lso  a p p lic a b le  to  so c ia l system s. Energy, according  to  th e  f i r s t  
law o f  thermodynamics, can n e ith e r  be c re a te d  n o r d estroyed , as i s  
th e  case  w ith  m a tte r . But whereas m a tte r  can be involved in  a  
c y c l ic a l  flow , energy cannot. Energy th a t  i s  u se fu l fo r  l i f e  support 
and fo r  producing work i s  transform ed in to  low er-grade energy th a t  
cannot be recovered  fo r man's use. A consequence o f  th e  second law 
o f  thermodynamics i s  t h a t  energy tends co n tin u a lly  toward a  s t a te  
o f  eq u ilib riu m  which re p re se n ts  a more probable s ta te  o f  nandoimess.
10 Roy A. Rappoport, P igs For th e  A ncestors. R itu a l in  the  
Ecology o f  a  New Guinea People? (Yale U n iv e rs ity  P ress : New Haverf. 
1968)7 Marvin H a rr is , Cows, P ig s , Wars and W itches. (V intage Books: 
New York. 1974).
•^ L e s lie  A. W hite, The E vo lu tion  o f  C u ltu re . (McGraw-Hill 
Book Co. : New York. 1959). p . 38.
17H. Odum, Environment, Power, and S ociety . (John Wiley and 
Sons: New York. 1971)
L ife p rocesses seemingly avoid  th is  most probable  s t a t e ,  o r  dea th , 
by cap tu rin g  and e x tra c tin g  energy from th e  environment. Man, 
lik ew ise , as an energy -cap tu ring  s o c ia l  organism , i s  involved in  
th e  paradox o f  an in c re as in g  e la b o ra tio n  o f  o rg an iza tio n  and o rd e r 
in  h is  s o c ia l  l i f e  w hile th e  seoond law p o s i ts  t h a t ,  in  e f f e c t ,  the  
un iverse  i s  running  down. Che can th e re fo re  say  th a t  man in  h is  
b io lo g ic a l  and s o c ia l  l i f e  has avoided th e  tendency to  randomness 
cn ly  a t  th e  expense o f  e x tra c tin g  o rd e r, by way o f  energy, from 
an evo lu tionary  environm ent.
I t  i s  in  th is  co n tex t th a t  th e  framework f o r  th i s  study  takes 
shape and th e  o b je c tiv e  i s  to  r e l a t e  the  f i r s t  and second laws o f  
thermodynamics to  th e  ev o lu tio n  an d /o r m aintenance o f  s o c ia l  
s t ru c tu re s  and p rocesses which u ltim a te ly  p rovide o rd er to  n a n 's  
e x is te n ce . The r e la t io n  between energy tran sfo rm atio n  in  human 
s o c ie t ie s  and s o c ia l o rd e r  w ill  be th e o re t ic a l ly  analyzed in  o rd e r 
to  c o n s tru c t a  number o f  p ro p o sitio n s which can be e m p iric a lly  
te s te d . The second law w i l l  be ap p lied  to  th e  growth and development 
o f  human s o c ie t ie s  as s o c ia l  systems to  r e f l e c t  the  genera l thermo­
dynamic p r in c ip le  th a t  w ith  every expenditu re  o f  energy, o rd e r  i s  
in troduced , in c reased , o r  m aintained in  m an's so c ia l  environment 
much as energy is  u t i l i z e d  to  m aintain  o r  c re a te  o rd e r ( l i f e )  fo r  
th e  organism . S oc ia l o rd er w il l  be analyzed in  term s o f  th re e  
p ro p e r tie s  o r  " s tru c tu re s "  which provide th re e  v a ria b le s  fo r  e n p ir io a l 
te s t in g .  These a re : 1) s o c ia l  d i f f e r e n t ia t io n ,  2) com plexity, and 
3) in fo rm ation . I t  i s  im p lic i t  in  t h i s  study th a t :
1 . S o c ia l system  growth and development a re  an in c re a s in g  function  
o f  a v a ila b le  energy th a t  i s  transform ed in  the  system.
2. A s o c ia l  system e x is ts  in  a s te a d y -s ta te  o r  eo o lo g io a l e q u il­
ibrium  when t h a t  system  u t i l i z e s  a v a ila b le  energy p rim a rily
fo r  m ain tain ing  a  given co n fig u ra tio n  o f  the  system  (maintenance 
en erg y ). The r a te  o f  energy flew through the  system  i s  
co n stan t and th e  energy inpu t i s  equal to  th e  energy ou tp u t.
This does n o t mean th a t  such a  system  i s  unchanging o r  s t a t i c .
3. S oc ial system growth and development a re  a  fu nc tion  o f  a v a i l ­
a b le  energy beyond th a t  req u ired  f o r  m ain tain ing  a  steady - 
s t a t e .
System requirem ents f o r  m ain tain ing  a  s te a d y -s ta te  (maintenance 
energy) in c rease  in  d i r e c t  p ro p o rtio n  to  system  growth and 
development. S ta te d  d i f f e r e n t ly ,  w ith  a  given energy budget 
a  system  c h a ra c te r iz e d  by growth and e la b o ra tio n  o f  s tru c tu re  
must s h i f t  in c re a s in g  amounts o f  energy toward maintenance 
o f  th e  system .
5. S o c ia l d i f f e r e n t ia t io n  i s  considered  a  p roperty  o f  so c ia l  
o rd e r  in  th a t  i t  re p re se n ts  an adap tive  function  fo r  the  
system  w ith  re sp e c t to  e x p lo itin g , c o n tro ll in g , and being 
f le x ib le  w ith regard  to  th e  environm ent. This invo lves 
economy in  term s o f  th e  production  o f  s o c ia l ly  valued  goods 
and se rv ic e s  which in  tu rn  involves a  c a p a b il i ty  f o r  in c reased  
o u tp u t and fo r  in c reased  lab o r e f f ic ie n c y . I t  a lso  invo lves 
th e  p o l i ty  in  term s o f  a  power s t ru c tu r e  which fu n c tio n s  to  
a l lo c a te  r o le s ,  f a c i l i t i e s  and rew ards fo r  system  performance 
and m a te ria l d i s t r ib u t io n .
86. Complexity i s  considered  a  p roperty  o f  o rd er in  t h a t  i t  
concerns th e  number and le v e ls  o f  linkages between d if f e r e n t­
ia te d  u n its  and ro le s  which fu n c tio n  to  in te g ra te  the  system.
The g re a te r  th e  d i f f e r e n t ia t io n ,  th e  g re a te r  th e  need and 
e f f o r t  to  provide com plim entarity  in  the  m idst o f  d iv e rs ity  
f o r  m eeting c o lle c t iv e  goa ls . Complexity e s s e n t ia l ly  r e f e r s
to  re g u la to ry  and in te g ra t iv e  mechanisms fo r  system  co o rd in a tio n .
7. Inform ation i s  considered  a  p roperty  o f  s o c ia l  o rd e r  in  th a t  
th e  system  i s  involved w ith an environment o f  symbols which 
serve v ia  le a rn in g  to  give h i s to r i c a l  c o n tin u ity , c o lle c t iv e  
support fo r  system  goals and means f o r  t h e i r  a tta inm en t v ia  
th e  d iffu s io n  and sharing  o f  symbolic meaning. Inform ation 
e x is ts  a lso  a s  a  cybernetic  mechanism fo r  in te rp re t in g  i n t r a -  
system ic and ex tra -sy stem ic  change fo r  purposes o f  c o n tro l , 
s e l f - r e g u la t io n , and p a tte rn  m aintenance.
8. A ll th re e  p ro p e r t ie s  o f  sy s tem /so c ia l o rd e r should  n o t be 
considered  to  n e c e ssa r ily  ao-vary and any one o r  in  combination 
w ith  th e  o th e rs  may e x e r t  in fluence  to  provide an o rd er 
c o n fig u ra tio n .
9. The o b jec tiv e  o f  t h i s  study i s  to  consider th e  ro le  o f  energy 
as a  co n d itio n in g  fa c to r  fo r  th e  so c ia l  system. Ihe various 
s o c ia l  s t r u c tu r a l  co n fig u ra tio n s  by which o rd e r  i s  a t ta in e d  
allow s fo r  th e  f a c t  t h a t  in te ra c t io n  e x is ts  between energy 
tran sfo rm ation  and c u l tu r a l  v a ria b le s  such as technology, 
v a lu es, e tc .  which re p re se n t c o n tro llin g  f a c to r s .  Thus, no 
causa l model i s  involved.
9The s ig n if ic a n c e  o f  th i s  study  may be viewed on th re e  le v e ls .
On th e  th e o re t ic a l  l e v e l ,  th e  s ig n if ic a n c e  l i e s  in  an in te rd is c ip l in a ry
and g e n e ra liz in g  approach which o f f e r s  Idle promise o f  an o b jec tiv e
and meaningful y a rd s tic k  w ith  which to  c o n s tru c t te s ta b le  p ro p o sitio n s
concerning p rocesses o f  change in . 's o c ia l  system s. lb  suggest th a t
s c i e n t i f i c  laws can be ap p licab le  to  th e  study o f  human so c ie ty
and even c u ltu re  i s  n o t to  suggest an isomorphism th a t  r e s t s  in
r e a l i t y ,  fo r  c e r ta in ly  c u ltu re  a s  a  c re a te d , purposive , and d ire c tin g
mechanism pu ts any analogy qua analogy w ith  b io lo g ic a l p rocesses
to  r e fu ta t io n . R ather, th e  isomorphism to  s o c ia l  systems e x is t s ,
as B e rta lan ffy  s t a t e s ,  in  t h a t  " c e r ta in  general p r in c ip le s  apply
13to  systems i r r e s p e c t iv e  o f  t h e i r  n a tu re ."  I f  such general
p r in c ip le s  can be found which apply to  th e  study  o f  so c ia l  system s,
they  a re  l im itin g  p r in c ip le s  which cond ition  what nan can do. He
cannot v io la te  th e  laws o f  n a tu re .
The b rin g in g  to g e th e r  o f  re c e n t fin d in g s in  the  f ie ld s  o f
p h y sic s , chem istry , physio logy , ecology -  to  name a  few -  in to
what Lenski term s " th e  new sy n th e tic  theo ry  o f  evo lu tion" has.
accorded th e  study o f  human s o c ie t ie s  many so c io lo g ic a lly  suggestive
14q u estio n s  f o r  re sea rch . For th e  most p a r t ,  th e  study o f  nan in  
s o c ie ty  has had th e  p re v a ilin g  tendency to  sep ara te  th e  b io lo g ic a l ,  
so c io lo g ic a l , p sy ch o lo g ica l, c u l tu r a l ,  and environm ental a sp ec ts  o f 
human ex is ten ce  and behavior and to  t r e a t  them as se p a ra te  realm s
13Ludwig von B e rta la n ffy , General Systems Theory: Foundations 
Development, A p p lic a tio n s . (George S r a z i l le r :  few York'.' 136S) pp. 85-84.
14Gerhard L enski, Human S o c ie tie s . (McGraw-Hill: New York. 
1970.) p . 48.
o f  phenomena. What genera l systems theo ry  has enabled s tu d e n ts  o f  
nan in  h is  s o c ia l  environment to  do, however, i s  to  r a is e  such 
s tu d ie s  beyond l im it in g  conceptions which n e g le c t th e  study o f  th e  
r e la t io n s  among th e  various le v e ls  o f  phenomena which a re  re le v a n t
15
to  a  more h o l i s t i c  approach. The movement toward a  more in c lu s iv e
and in te rd is c ip l in a ry  approach emphasizes th e  d iscovery  o f  genera l
p r in c ip le s  which can be ap p lied  across a  number o f  d is c ip l in e s  and
1 fiworking w ith r a th e r  than  w ith in  various le v e ls  o f  a n a ly se s ,
The second law o f  thermodynamics prov ides a  th e o re t ic a l  concept 
which has exp lanato ry  p o s s ib i l i t i e s  f c r  th e  ev o lu tio n ary  p rocess in  
gen era l. That t h i s  concept can th e o re t ic a l ly  be ap p lied  to  o rgan ic  
an d 'ec o lo g ic a l system s and used a t  l e a s t  h e u r i s t i c a l ly  f a r  s o c ia l 
system  a n a ly s is  i s  seen by th e  various trea tm en ts  o f  i t  in  th e  l i t ­
e ra tu r e .- ^  I f  a l l  changes in  n a tu re  take  p lace  as a  r e s u l t  o f  the  
tendency to  randoim ess, i t  seems q u ite  p o ss ib le  as Soddy s uggested  
so jib  t in e  ago th a t  th e  r e la t io n  between energy and n a t t e r  "co n tro l 
in  th e  l a s t  r e s o r t ,  th e  r i s e  o r  f a l l  o f  p o l i t i c a l  system s, th e  
freedom o r  bondage o f  n a tio n s , th e  movements o f  conmerce and in d u s try , 
the  o r ig in  o f  w ealth  and poverty , and th e  general p hysica l w elfare
15B e rta la n ffy , General Systems Theory: Foundations, 
Development, A p p lica tio n s! p. 195.
•*-6See: O.D. Duncan, "from Social System to  Ecosystem" 
S oc io log ica l Inquiry  31:140-149 1961 and H. Odum, Environment,
Fewer, and S o c ie ty , p . 5.
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For example, see: A. J .  lo tk a ,  Elements o f  M athematical 
B io lo g /. (Dover P u b lica tio n s : New York. 1957), tfenneth £ . bouldm g, 
"She Shadow o f  th e  S ta tio n a ry  S ta te "  in  Mancur Olson and Hans H. 
Landsberg, The No-Growth S o c ie ty ; (N. W. N orton 'and Oo.: New York. 
1973), and H. Odum, Environment, Power and Society .
o f  the  r a c e ."  Moreover, Schrodinger suggests th e  seocnd law "governs
a l l  p h y sica l and chem ical p ro c e s s e s .. .o rg an ic  l i f e ,  the  genesis o f  a
com plicated w orld o f  organisms from p rim itiv e  beg inn ings, and th e  r i s e
19and growth o f  human c u l tu r e ."  The in c lu s io n  o f  the  l a t t e r  nay seem
p a r t ic u la r ly  su rp r is in g  in  l ig h t  o f  th e  o rd inary  expressions o f  c u ltu re
in  terms o f  v a lu es , b e l i e f s ,  sen tim en ts , e t c . ,  su b je c t as they  a re  to
th e  d i f f i c u l t i e s  o f  measurement and o p e ra tio n a liz a tio n . As more
"su b jec tiv e"  aspects o f  human behav io r, they are  c e r ta in ly  d i f f i c u l t  t o
reduce to  te s ta b le  p ro p o sitio n s  and when they  a re ,  o ften  reduce the
20so c io c u ltu ra l  d is c ip lin e  to  the  realm  o f  so c ia l psychology. However,
c u ltu re ,  d e fined  as a  mechanism which functions t o  make l i f e  secure
and continuous fo r  groups and in d iv id u a ls , nay be u t i l i z e d  as an energy
cap tu ring  device fo r  s e le c tiv e  su rv iv a l and "causal"  re la tio n sh ip s
21involv ing  i t  e x is t  independently  o f  va lues.
The u t i l i z a t io n  o f  energy on a th e o re t ic a l  le v e l  was recognized 
by Sahlins and Service in  a d d itio n  to  White in  t h e i r  trea tm en t o f  
evo lu tion  in  which the p r in c ip le  d e fin in g  v a ria b le  fo r  general evolu­
tio n a ry  p rog ress i s  " th e  abso lu te  amount o f  energy harnessed  by th e
22s o c io -c u l tu ra l  system ." A refinem ent o f  th e i r  th eo ry  was attem pted
Frederick Soddy, M atter and Energy. Hume U n iv ers ity  S e rie s . 
(Oxford U n iv e rs ity  P ress : London. 1512T) ppT 10-11.
19Erwin Schrodinger, Science and th e  Hunan Temperament. 
(George, A llen  and Unwin, L td .: London. 1935) p . ' 39.'
on
Jack P. Gibbs and W hiter T. M artin , "Toward a  T h eo re tica l 
System o f  Hunan Ecology" P a c if ic  S o c io lo g ica l Review 2 :1 :29 -36 . 1959.
^ W h ite , The E volution o f  C u ltu re . p . 70.
22 M arshall D. S ah lin s and E. R. S erv ice , "E volution: S p e c ific  
and General" in  M, D. S ah lin s  and E. R. S erv ice , E volu tion  and OuLture. 
(U n iversity  o f  Michigan Press: Ann A rbor. 1960) p . 3k. ' ~~
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by Seagraves who co n stru c ted  a number o f  th e o re tic a l  p ro p o sitio n s
d ea lin g  e x p l ic i t ly  w ith  th e  s t r u c tu r a l  tran sfo rm ation  o f  such systems
2 3in co rp o ra tin g  the  fin d in g s o f  thermodynamics and inform ation  th eo ry . 
Recent s tu d ie s  in  in form ation  theory  in  a  thermodynamic co n tex t make 
an in p o rt an t c o n tr ib u tio n  to  understanding  the  ev o lu tio n ary  process 
and systems theory  in  g enera l. S o c ia l systems depart from any d i r e c t  
analogy w ith  b io lo g ic a l evo lu tion  fo r  the  concern w ith th e  former i s  
w ith purposive change. That i s ,  in  g en e tic  change invo lv ing  the  geno­
ty p e , th e  d ire c tio n  o f  evo lu tion  i s  u n d irec ted  and o p e ra te s  more o r 
l e s s  by chance. The unique asp ec t o f  s o c ia l  systems i s  t h e i r  cap ac ity  
fo r c re a tiv e  le a rn in g  and s e l f -d i r e c t io n  which im plies th a t  the  d i r e c t ­
ion o f  s o c io -c u ltu ra l  ev o lu tio n  i s  s p e c if ic  to  a sy stem 's goals beyond 
th a t  o f  sh ee r e x is ten ce  which enables i t  to  be c o n tin u a lly  a d ap tiv e , 
r a th e r  than  adapted . In  o th e r  words, a  so c ia l system has th e  c a p a b il i ty  
o f changing, modifying and c la r ify in g  such goals and th e  means fo r  
a t ta in in g  them in  a d d itio n  to  lea rn in g  from previous d e v ia tio n s . Y et, 
even in  t h i s  re s p e c t ,  in form ation  theo ry  provides some general p r in c i­
p le s  which can be ap p lied  to  s o c ia l  system s, which invo lves feedback- 
loops and cy b ern e tic  mechanisms fo r  system s e lf - r e g u la t io n  and c o n tro l.
From an e n p ir ic a l  p e rsp e c tiv e , a  number o f  re sea rch  s tu d ie s  
p e rta in in g  to  energy use in  s o c io -c u ltu ra l  systems have been a ttem pted . 
By and la rg e ,  they  in d ic a te  th a t  f a i r ly  high c o rre la t io n s  e x is t  between 
energy u t i l i z a t io n  and a  number o f s o c ia l  and c u ltu ra l  in d ic a to r s ,  bu t
23"R  Abbott Seagm ves, "E co log ica l G enera liza tion  and S tru c t­
u ra l Trans form ation o f  S o c io cu ltu ra l Systems" American A nthropo log ist 
76:531-552. 1974.
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what these  s tu d ie s  g en era lly  lack  is  a th e o r e t ic a l  framework..
In b r i e f ,  i t  i s  hoped th a t  a  major c o n tr ib u tio n  o f  th is  resea rch  
w i l l  be to  p rov ide a  th e o re t ic a l  co n s tru c t invo lv ing  p r in c ip le s  from 
se v e ra l s c i e n t i f i c  d is c ip lin e s  which w i l l  be em p irica lly  a p p licab le  
to  th e  study o f  contemporary s o c ie t ie s .  I t  i s  recognized , however, 
th a t  w ith g e n e ra l i ty , which i s  im p lic i t  in  t h i s  type o f  study , cne 
must pay by s a c r i f ic in g  c o n te n t, tbpe f u l ly ,  as Boulding s ta te s :
"...som ew here , ,  between th e  s p e c if ic  th a t  has 
no meaning and th e  general t h a t  has no con ten t
th e re  must b e , fo r  each purpose and a t  each
le v e l  o f  a b s tra c tio n , an optimum degree o f  
g e n e ra li ty . "2 5
The so c io lo g ic a l s ig n if ic a n c e  o f t h i s  s tu d /  i s  th e  concern w ith  
seek ing  exp lanations fo r  th e  b u ild -u p  a n d /o r  the  maintenance o f  so c ia l 
o rd e r. W ithout denying th e  p u re ly  conceptual d i f f i c u l t i e s  w ith  the  
term  'o r d e r ' , Hie relevance o f  i t  as a  concept to  so c io lo g ic a l study 
reaches a l l  th e  way back to  Hobbes. The problem o f  o rd e r , o ften  taken 
fo r  gran ted  and freq u en tly  considered unproblem atic, was fo r  him funda­
m ental. Order i s  n o t simply a  function  o f  human n a tu re , n o r i s  i t  a
"g iven"; th e  problem i s  to  exp la in  how i t  i s  in  f a c t  m aintained. As
Parsons s t a te s ,  "d ie  rem arkable th in g  about s o c ia l  o rd e r i s  n o t hew 
p e rfe c t  i t  i s ,  bu t th a t  i t  does e x is t  a t  some s o r t  o f  reasonably  t o l e r -
^ F o r  examples, see: Jack Sawyer, "Dimensions o f  N ations:
S iz e , Wealth and P o li t ic s "  American Jo u rn a l o f  Sociology 73:145-172 
1967; A llan  Mazur and Eugene Rosa, "Energy and L ife -S ty le "  Science 
186:607-610. 1974; and Marian B lu te , "The Growth o f  Science and
Economic Development" American S oc io log ica l Review 37:445-464. 1972.
^K enne th  E. Boulding, "General Systems Theory -  The 
Skeleton o f  Science" Management Science 2:197-208. 1956.
ab le  le v e l ."  What s ig n i f ic a n t  fa c to rs  he lp  to  exp la in  i t s  presence 
and how i t  i s  m aintained? I t  i s  to  t h i s  q u estio n  th a t  th e  th re e  p roper­
t i e s  o f  o rd e r p rev iously  r e f e r r e d  t o ,  and n o t in c id e n ta lly  found in  
d iscu ssio n s o f  th e  eco lo g ic a l comnunity by b io lo g is ts  and e c o lo g is ts ,  
can h o p efu lly  be a p p l i e d . F o r  i f ,  aga in , o rd e r  i s  the  endmost p a r t  
o f  energy flow , th e  exp lanation  o f  s o c ia l  o rd e r  tak es  on an added dimen­
s io n  i f  indeed the  o rd e rin g  p ro p e r tie s  o f  energy in  s o c ia l systems 
follow  th e  same p r in c ip le s .
A co n sid era tio n  o f  th e  s tu d ie s  o f  s o c ie ta l  development re v e a ls  an 
e v o lu tio n  o f  th ese  p ro p e r tie s  o f  o rd e r (so c ia l  d i f f e r e n t ia t io n ,  complex­
i t y ,  and inform ation) w ith  c u ltu re  p lay ing  a  m ajor ro le  in  enab ling  nan 
to  en large  h is  e c o lo g ic a l n iche  and in  p rov id ing  f l e x i b i l i t y  and inno­
v a tio n  in  e x p lo itin g  re so u rce s . How man has organized and changed h is  
p a tte rn s  o f  o rg an iza tio n  r e la te s  in  th e  f i r s t  sense to  su b s is ten ce : i t  
i s  in  t h i s  way th a t  economic l i f e  p lays a  more fundmental ro le  in  
c u l tu r a l  development to  make l i f e  secu re  and somewhat p re d ic ta b le . 
Moreover, th e  problem o f  who g a ts  to  use energy and resou rce  b e n e f i ts  
invo lves a  q uestion  o f  d i s t r ib u t iv e  mechanisms. The growth o f  popula­
t io n  and the  e la b o ra tio n  o f  s tru c tu re  can be viewed as both cause and 
e f f e c t  o f  energy conversion , but what i s  s ig n if ic a n t  i s  th a t  in  o rd e r 
to  make l i f e  secure f o r  la r g e r  numbers o f  people in  in te r a c t io n ,  s t r u c t ­
u res must be developed which w i l l  ensure  a d a p ta b i l i ty  to  "the s c a rc i ty  o f
26T a lc o tt P arsons, "Order a s  a  S oc io log ica l Problem" in  
Paul G. Kuntz, ed. Ihe  Concept o f  O rder. (U n iv ers ity  o f  Washington 
P re ss : S e a t t le .  196$) p . 374.
2 7A review  o f  th e se  s tu d ie s  follow s in  th e  n ex t ch ap te r.
energy and reso u rces  and to  In te g ra te  and coord ina te  a  so c ie ty  fo r
th e  su rv iv a l and b e n e f i t  o f  th e  whole. Perhaps what b e s t defines
what th is  invo lves i s  what Chodak term s a  growing "systenness" which
provides an o rd e r ly  flow o f energy and m a te ria ls  through th e  system
and th e  working to g e th e r , through a  c e r ta in  degree o f  oom plim entarity
9 ftand in terdependence, o f  autonomous system components.
F in a lly , th e  p r a c t ic a l  s ig n if ic a n c e 'o f  t h i s  study le a d s  cue 
to  s c i e n t i f i c a l ly  question  th e  p resen t n o tio n s  o f  "p rogress" 
in  th e  w o rld 's  s o c ie t ie s .  Man’s p resen t needs have le d  him to  
pursue as much "production" as p o ss ib le  and, in  essence , to  promote 
an economic growth model f o r  s o c ie ta l  development. P a r t ic u la r ly  in  
th e  in d u s tr ia l iz e d  Western s o c ie t ie s  c h a rac te rize d  in  la rg e  p a r t  
by expanding economies, energy use in  most cases in  in c re as in g  
e x p o n en tia lly  and f a r  more ra p id ly  than popu la tion . In  th e  e a r ly  
s ta g es  o f  growth, t h i s  nay seem to  be advantageous: h ig h  b i r th  
r a t e s ,  th e  development o f  new tech n o lo g ies , high economic p r o f i t s ,  
and th e  e x p lo ita t io n  o f  aco e ss ib le  reso u rces . In  l a t e r  s ta g e s , 
e n tro p ic  c o s ts  to  th e  environment and to  l i f e  i t s e l f  become ev iden t 
in  term s o f  w aste , p o llu tio n , a  g re a te r  expenditu re  o f  energy to  
produce energy which i s  in c re a s in g ly  in a c c e s s ib le , and a  genera l 
d e c lin e  in  th e  le v e l  o f  m a te r ia l and energy re so u rc e s .29 Western 
so c ie ty , and p a r t ic u la r ly  th e  U nited S ta te s ,  has achieved a  le v e l 
o f  economic and tech n o lo g ica l development t h a t  in c re a s in g ly  serves
Szymon Chodak, S o c ie ta l  Development. (Oxford U n ivers ity  
P ress: New York. 1973). Chapter £.
2% . Brown, The Challenge o f  Man's F u tu re , (V iking: New 
York. 1954).
as a  model fo r  le s s  developed and developing n a tio n s  to  im ita te  in  
t h e i r  quest fo r  m odernity. That such values p laced  on "development" 
and "progress" has d ra s t ic  consequences fo r  th e  environment and 
questionab le  r e s u l ts  fo r  human l i f e  cannot any lo n g er be denied.
There a re  e co lo g ica l and environm ental l im its  to  growth, growth
30which p re sen tly  uses f a n ta s t ic  amounts o f  energy and m a te r ia ls .
The s ig n if ic a n t  problem i s  th a t  in  th e  growth and development 
p ro cess , more and more energy i s  sh if te d  to  m aintain th e  build -up  
o f  s tru c tu re s  and p rocesses. In  the  model to  be p resen ted  in  t h i s  
s tudy , so c ia l  d i f f e r e n t ia t io n ,  com plexity, and inform ation thus 
req u ire  an in c reas in g  energy budget to  m aintain a  c e r ta in  le v e l  o f  
o rd e r, having obvious oonsequences fo r  the  p o s s ib i l i t i e s  o f  fu tu re  
growth and even poss ib ly  system d ec lin e . In sh o r t , the  energy 
co sts  o f  system maintenance can reduce the  margins o f  f l e x ib i l i t y
31o f  a  system 's response to  environm ental changes and f lu c tu a tio n s .
One may i l l u s t r a t e  -’h is  dilemma in  sev era l ways. For one, 
modern in d u s tr ia l iz e d  s o c ie t ie s  have been more concerned w ith lab o r 
e ff ic ie n c y  than w ith  thermodynamic e ff ic ie n c y . In  nany c a se s , in  
m anufacturing and a g r ic u ltu re  fo r  example, high-wage lab o r has been 
rep laced  by cheap energy fo r  production purposes. In 1900, food 
production involved a  farm er to  population r a t i o  o f  one to  f iv e ;  
by 1970, through the  a id  o f  machines, f e r t i l i z e r s ,  h igh y ie ld  g ra in s , 
e t c . , th e  r a t io  was n e a rly  one to  f i f t y .  What i s  in te re s t in g  to
on
Donella H. and Dennis L. Meadows, The Lim its to  Growth. 
(S ignet Book: New York. 1972).
31h . Odum, Environment, Power, and S oc iety , p. 231.
n o te , however, i s  -that in  p resen t day a g r ic u ltu ra l  production , i t  
i s  sometimes th e  case  th a t  more energy in  term s o f  k ilo c a lo r ie s  
i s  spen t cm input p rim arily  through energy subsid ies such as f o s s i l  
fu e l  to  provide gaso line  fo r  t r a c to r s ,  f e r t i l i z e r s ,  i r r ig a t io n ,  
dry ing , product d is t r ib u t io n , e t c . , than i s  gained from ac tu a l 
ou tpu t in  terms o f  food. Moreover, the  r a t io  o f  cne farm er feeding 
f i f t y  people in  th e  United S ta te s  in  1970 i s  m isleading, fo r  th e  
la b o r  and energy involved in  th e  e n ti r e  food production industry  
reduces t h i s  r a t i o  considerab ly . I t  tak es more la b o r , energy and 
people to  feed  n c n -a g r ic u l tu ra l is ts  in  a  modem in d u s tr ia l iz e d
qn
so c ie ty  than th a t  which i s  simply involved on a farm.
When one e n te r ta in s  the  thought o f  in troducing  modem a g r ic u lt ­
u ra l  techniques to  developing s o c ie t ie s ,  one must a lso  consider 
th a t  i t  i s  an e n t i r e  food processing  in d u stry  th a t  must be tra n s ­
po rted  (canning, r e f r ig e ra t io n ,  tra n sp o rta tio n , d is t r ib u t io n , e tc . )  
in  o rder to  be e f fe c t iv e  and operable. Ih is  c e r ta in ly  w il l  have 
consequences i n i t i a l l y  fo r  so c ia l o rgan ization  in  term s o f  d isp laced  
farm ers, m igration to  urban c e n te rs , occupational d if f e r e n t ia t io n , 
and th e  l ik e .  The p o in t i s ,  though, th a t  a  g re a te r  energy budget 
w i l l  be req u ired  to  su s ta in  a  d if f e r e n t  l i f e  support system. 
Furtherm ore, as Rappoport and Odum suggest, th e  monoculture ( a
32OAJchn S. and Carol E. S te in h a rt, Energy: Sources, Use and 
Role in  Human A f fa ir s . (Duxbury Press: North Scituate, Mass.' 197!+)' 
Chapter 6. See a lso : D. Pim entel, e t  a l .  "Food Production and the  
Energy C ris is"  Science 182:443-1+4’9 1973; E. P. Odum, Fundamentals 
o f  Ecology. (W. B, Sam ders: P h ilade lph ia . 1953 )
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n o n -d iv e rs if ie d  lan d -u se  p a tte rn  fo r  crop p roduction) t h a t  i s  ty p ic a l  
in  developed s o c ie t ie s  re p re se n ts  an immature ecosystem  th a t  i s  h ig h ly  
u n stab le  unless i t  re c e iv e s  h ig h  energy su b s id ie s  ( f e r t i l i z e r ,  i r r i g a ­
t io n ,  weeding, e t c . )  and which l im i ts  m an's autonomy as he in c reas in g ­
ly  becomes su b je c t t o  th e  fo rces and whine, n o t o f  th e  lo c a l  o r  re g ­
io n a l  m arket, b u t o f  th e  n a tio n a l and in te rn a t io n a l  market fo r  h is
p roduction  c o s ts  and b e n e f i ts .  This may have negative  consequences
33f o r  th e  e n t i r e  s o c ia l  system 's normal s e lf -c o r re c t in g  c ap ac ity .
A second i l l u s t r a t i o n  r e la te s  to  the  f a c t  th a t  economic develop­
ment means e n try  in to  a  high consumption w orld. Even i f  developed 
s o c ie t ie s  such as th e  United S ta te s  a t ta in  a  no-growth economy and 
p o p u la tio n , such s o c ie t ie s  would s t i l l  need v a s t energy flows sim ply 
to  s u s ta in  a  s te a d y - s ta te , no t to  mention th e  quest o f  in d u s t r ia l iz in g  
s o c ie t ie s  fo r  a  g re a te r  share  o f  the  world energy budget. One i s  
fo rced  to  accept th e  even tual p o s s ib i l i ty  o f  a  world energy budget 
which w i l l  d e p le te  energy sources f a i r ly  ra p id ly . The q uestion  i s  
how f a r  in d u s t r ia l iz a t io n  can sp read  through the  n o n - in d u s tr ia liz e d  
w orld b e fo re  i t  reaches a  c e i l in g  imposed by sources o f  energy and 
th e  p roduction  o f  h igh  leva I s  o f  waste and p o llu tio n . Not l e a s t  
im portan t a ls o  i s  th e  s ty le  o f  l iv in g  fo r  a  m ajo rity  o f  th e  w o rld 's  
people which w il l  la rg e ly  be d ic ta te d  by th e  a v a i la b i l i ty  o f  resou rces 
and e n e rg y .^
33Roy A. Rappoport, "Ihe How o f  Energy in  An A g ric u ltu ra l 
S ociety" S c ie n t i f ic  American 225:3:116-133. September, 1971; E.
Odum, Fundamentals o f  Ecology.
■^Nathan K ey fitz , "World Resources and th e  World Middle 
C lass" S c ie n t i f ic  American 235:1:28-35. Ju ly  1976.
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Perhaps th e  most v iv id  i l l u s t r a t io n  concerning the  r e la t io n  
between maintenance energy and the  t o t a l  energy budget r e la te s  to  
growth in  term s o f  population . A ru le  o f  thumb i s  th a t  w ith  a 
constan t popu la tion , a  c a p i ta l  investm ent in to  the  economy a t  
a  ra te  o f  th re e  to  f iv e  pe rcen t per annum is  req u ired  to  produce 
a  one percen t increase  in  p e r  c a p ita  income. With a  population 
growth r a te  o f  th ree  p e rc en t, as i s  the  oase w ith  many coun tries 
in  South America fo r  example, a  twelve to  twenty percen t le v e l  o f  
c a p i ta l  investm ent i s  necessary  to  produce a  one percen t in crease  
in  p e r  c a p ita  income. In 1960, two th ird s  o f  the  economic 
expansion ( and by im p lica tio n , a ooncommitant increase  in  energy 
use) in  South America was used simply to  accommodate an increas ing  
population . Again, the  p o in t seems c le a r  th a t  w ith  growth, the 
maintenance energy budget increases p ro p o rtio n a lly , having conse­
quences fo r  th e  energy a v a ilab le  fo r  development in  terms o f  the  
betterm ent o f  l i f e  and fo r  responding to  environm ental change.
By analogy to  b io lo g ic a l evo lu tion , so c ie tie s  in  to d ay 's  
world have in  general only  two s tr a te g ie s  fo r  escaping the  entropy 
tra p : 1) D eliver more u se fu l energy to  so c ia l system s, o r  2)
Bring to  b ear more u sefu l inform ation in  so c ia l and economic 
processes to  increase  p ro d u c tiv ity  p e r  u n it  o f  energy expended. ^
The l a t t e r  r e f le c ts  th e  p o s s ib i l i ty  n o t only fo r  providing inform ation 
th a t  can r e s u l t  in  g re a te r  e ff ic ie n c y  in  th e  use o f  energy and 
reso u rces, bu t inform ation about th e  n a tu re  o f  so c ie ty  i t s e l f  and 
man's p lace in  a  world o f  lim ite d  resources th a t  w il l  enable him
35■ Environmental P ro tec tio n  Agency. O ffice  o f  Research 
Development. A lte rna tive  Futures and Environmental Q uality . 
Washington, B.C.: Government P r in tin g  O ffice , lQVs.
to  change h is  needs and h is  values.
In c e n tre s t to  c la s s ic a l  economic th in k in g , Herman Daly goes 
fu r th e r  than most modem economists by p o s itin g  the  physical parame­
te r s  (energy) as given and the  ncn-physical param eters (technology,
36d is tr ib u t io n  o f  goods, l i f e  s ty le s )  as v a ria b le . The key to
th i s  understanding i s  th a t  in  the context o f  an evo lu tionary  and
changing environment, i t  i s  the adap tab le , no t th e  w ell adapted,
who su rv iv e .37 I t  i s  hoped th a t  t h i s  study w ill  perhaps shed more
l ig h t  on "the a l te rn a t iv e  means by which man's so c ie ty  can be
ordered, fo r  the  c ru c ia l  problem now, as Boulding suggests, i s
" the  understanding o f  th e  processes in  human le a rn in g ..th e  problem
o f  human lea rn in g  i s  fundamental to  the  so lu tio n  o f  a l l  so c ia l 
38problem s." I f  development i s  a lso  the development o f  need, 
perhaps men w ill  have to  lea rn  how to  need l e s s ,  and y e t a t  the  
same time get more w ith  a  minimum of environm ental damage so th a t  
modern so c ie ty  can e x is t  in  some s o r t  o f  eo o lo g ica l equilibrium .
I t  c e r ta in ly  im plies r e t r e a t in g  from a  h igh ly  consumptive l i f e ­
s ty le .  Inform ation nay be the  most im portant considera tion  fo r  
avoiding th e  entropy t r a p ,  fo r  a d ju s tin g  to  a  new so c ia l and 
environmental r e a l i t y ,  and fo r  enhancing the  q u a li ty  o f  l i f e .
36Herman E. Daly, Toward A S teady-S tate  Econony. (W. H. 
Freeman and Co.: San Francisco. 19V3T.
Kenneth E. Boulding, The Meaning o f  the Twentieth Century. 
(Harper and Bow: New. York. 19643 pp. 147-1 >48.
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CHAPTER TWO
ENERGY AND ENERGY TRANSFORMATION IN ECOSYSTEMS: 
THE APPLICATION TO SOCIAL SYSTEMS
I t  was suggested th a t  th e  find ings in  o th e r  s c ie n t i f i c  d isc ip lin e s  
give an added perspective  to  a  study o f  so c io -c u ltu ra l evo lu tion .
The p r in c ip le s  o f  thermodynamics as applied  to  eco log ical communities 
fo r  example rev e a ls  th a t  energy exchanges among organisms w ith  t h e i r  
environment he lps explain community growth and development. As 
communities evolve, th e re  i s  the  c h a ra c te r is t ic  tendency toward 
d iv e r s if ic a t io n ,  an increased  complexity o f  in te r re la t io n sh ip s  
among organisms evidenced in  th e  food web, and a  build -up  o f  
in fo rm ation . Communities which reach  a  succession stage by which 
they  be cone s e l f  organized and se lf -re g u la te d  have a sso c ia ted  w ith 
them a  degree o f  s t a b i l i ty .  In th is  chap ter, th e  im portant find ings 
p e rta in in g  to  eco lo g ica l communities w ill  be reviewed which w il l  
then provide th e  framework fo r  t h e i r  a p p lica tio n  to  th e  growth 
and development o f  human s o c ie t ie s  as so c ia l systems.
Energy and Entropy
A considera tion  o f  f i r s t  importance is  an understanding o f  
energy and how i t  r e la te s  to  th e  l iv in g  organism. The understanding 
and d e f in it io n  o f  energy depends to  some e x te n t on th e  p a r t ic u la r  
d is c ip lin e  and the  phenomena under a n a ly s is . In a l l  c ases , however, 
energy i s : 1) a  function1 o f  th e  s ta te  o f  th e  system , by vhich i s  
meant th e  values o f  a  minimum s e t  o f  p ro p e rtie s  o r  a t t r ib u te s  o f  th a t
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1
system, 2) magnitude, in  th a t  q u a n ti ta t iv e  measures can be made, 
most coim m ly in  u n its  o f  th e  c a lo r ie ,  B r i t is h  Thermal U n it, and 
th e  e rg , and 3) in  accordance w ith  (1) and (2) above, energy is  
conceived a s  m a tte r  o r flow th a t  re p re se n ts  a  d i f f e r e n t i a l  w ith
regard  to  system  environment which can be harnessed  v ia  transfo rm ers
3
o r  converters  o f  energy in to  h ea t a n d /o r  work.
Thermodynamics h i s to r ic a l ly  began w ith the  study  o f  h ea t
(therme = h e a t ,  dynamis = power) b u t today i t  has become u se fu l fo r
a p p lic a tio n  to  a l l  o th e r  forms o f  energy and energy exchanges as 
4
w e ll. The f i r s t  law o f  thermodynamics s ta te s  th a t  energy cannot
5
be c re a te d  n o r  destroyed . S ta ted  d i f f e r e n t ly ,  a  change in  th e  
t o t a l  energy in  some system must be compensated by an equal and 
o p p o site  change in  the  t o t a l  energy in  some o th e r system  so th a t  
th e  t o t a l  energy o f  th e  un iverse  remains co n stan t.
Seemingly c o n tra d ic to ry  to  th e  f i r s t  law, th e  second law s ta te s  
th a t  energy in  a  c lo sed  system , in  which no exchange o f  energy w ith  
i t s  environment can take p la c e , c o n tin u a lly  and ir r e v e rs ib ly
'V . C. Andrew, Thermodynamics: P r in c ip le s  and A p p lica tio n s . 
(Wiley and Sons: New YorfcT 1971) Chapter 3.
2
Edward A. Bruges, A vailable  Energy and th e  Second Law 
A n a ly s is . (Academic P ress: New York. I9E375
^Nicholas Georgescu-Roegen, "The Entropy Law and the 
Economic Problem" in  Herman Daly, ed . Toward a  S tead y -S ta te  Econoiry. 
pp. 37-49.
[4.
For a  b r i e f  h i s to r ic a l  review  o f  men who have c o n trib u te d  
to  thermodynamics and o f  thermodynamic development, see S tan ley  W.
An g r i s t  and Loren G. H ep ler, Order and Chaos: Laws o f  Energy and 
Entropy. (B asic  Books, Inc.:New York, 1967)
5Wilson C lark , Energy fo r  S u rv iva l. (Doubleday: New York. 
1974) p . 9.
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i s  degraded and d is s ip a te d  and becomes i r r e t r ie v a b le  to  perform  work.
Put d i f f e r e n t ly ,  th e  second law s t a te s  th a t  " the  macroscopic
7p ro p e r tie s  o f  any i s o la te d  system  e v e n tu a lly  assumes co n stan t v a lu es ."
This nay be dem onstrated when two bodies ( s o l id ,  l iq u id  o r  gas) o f  
d if f e r in g  ten p e ra tu re s  exchange h e a t when p laced  in  mutual c o n ta c t;  
h e a t can be observed to  always flow  from th e  h o t te r  to  th e  c o ld e r  
body, e v en tu a lly  r e s u l t in g  in  a  s t a t e  o f  eq u ilib riu m  o r  uniform  
tem pera tu re . The re v e rse , i . e .  h e a t flowing from th e  c o ld e r to  the  
h o t te r  body, i s  never t r u e .  The most e f f i c ie n t  eng ine, th e  Carnot
Q
h ea t en g in e , dem onstrates th is  p ro cess .
Energy th a t  i s  unable to  perform  work because i t  has been de­
graded  i s  termed en tropy . Entropy i s  a  measure o f  the  randomized
d is t r ib u t io n  o f  atoms and i s  a  s t a t i s t i c a l  measure o f  d iso rd e r
9
in  term s o f  c a lo r ie s  p e r  degree cen tig ra d e . I t  i s  im portant to  
n o te  t h a t  entropy invo lves a  macroscopic p e rsp ec tiv e  and consequently  
a  s t a t i s t i c a l  and p ro b a b lis t ic  measure. Entropy i s  a  process th a t  
invo lves a  movement o f  atoms from l e s s  probable (ordered) to  more 
probable (random) s t a te s .  Georgescu-Roegpn in troduces two term s 
which d escribe  th e  o rdered  and d iso rd e red  s ta te s  o f  energy. A vailab le  
energy can be transform ed in to  h e a t o r  work. Any system  n o t in
6
For a  d iscu ss io n  o f  c lo sed , i s o la te d ,  and open system s, 
see I .  P rigpg ine , In tro d u c tio n  to  th e  Thermodynamics o f  I r r e v e r s ib le  
P ro cesses . (John Wiley and Sons: New York. 1967) p . 3.
7
Andrew, Thermodynamics: P r in c ip le s  and A p p lica tio n s , p . 37.
O
Bruges, A vailab le  Energy and th e  Second Law A n a ly sis , pp. 14-29 .
9
Entropy = k lo g  D, where k = Boltzm ann's constan t =
3.2983 x  10~24 and D = th e  q u a n ti ta t iv e  measure o f  random ization .
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energy equ ilib rium  can be harnessed in  some way to  perform work. ^
Such a  s ta te  o f  the  system  im plies some ordered s tru c tu re . An example 
i s  th a t  o f  s o la r  ra d ia tio n , the  primary source o f  a l l  l i f e ,  which i s  
a  ncn-randomized d is tr ib u t io n  o f  l i g h t  energy cn Hie o rder o f  6 x 1 0 6 
kcal/cm  which i s  u t i l iz e d  v ia  transform ers in  p la n ts  to  do chemical 
work (photosynthetic  p roduction ), achieving as much power d e liv e ry  as 
131 kcal/m ?/day in  r ic h  fo re s ts  and c u ltiv a te d  a g r ic u l tu r e .11 Solar 
ra d ia tio n  i s  an example, as i s  a w a te r fa ll ,  o f  an energy flow, which 
fo r  a l l  purposes may be considered co n stan t. Other forms o f  a v a ila b le  
energy nay take  m ate ria l form in  chemical bonds such as i s  p resen t in  
f o s s i l  fu e ls  (co a l, o i l ,  n a tu ra l gas) and a re  considered  as s to c k s .
Unavailable energy i s  described  by Georgescu-Roegen as th a t
which cannot be app rop ria ted  fo r  transform ation  in to  work and i s  a
c h a o tic a lly  o r  randomly d is tr ib u te d  s ta te  o f  atoms which cannot be
ordered. An example i s  th a t  o f  the tremendous energy content (heat)
o f  th e  w aters o f  th e  w o rld 's  ooeans which, n e v e rth e le ss , i s  so d is s i -
1 o
pa ted  th a t  i t  i s  i r r e t r ie v a b le  fo r  man's use. The energy content 
o f  burned co a l o r  o i l  i s  s t i l l  ano ther example o f  energy which i s  
l o s t  fo r  work performance. Tb s ta te  th e  second law in  y e t another way 
in  th is  oontext i s  to  say th a t  energy n a tu ra lly  moves from a v a ila b le  
to  unavailab le  forms o r  from a  h ig h er to  a  le s s  ordered s ta te .
10Georgescu-Roegen, "The Entropy law and the  Economic 
Problem" pp. 37-49.
11H. Odum, Environment, Power and S o c ie ty , p . 47.
12Georgescu-Roegen, "The Entropy Law and th e  Economic Problem"
pp. 37-49.
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This i s  t r u e ,  o f  cou rse , f o r  is o la te d  system s. A system  nay,
however, m ain tain  a  constan t en tropy  o r  even decrease in  entropy
by an exchange o f  energy w ith  th e  environm ent. In t h i s  c ase , th e
system  i s  open and a  decrease  in  en tropy o f  the  system i s  a sso c ia ted
13w ith  an in c rease  o f  en tropy  in  th e  environment.
S tra te g ie s  o f  Growth and Development in  E co log ica l Communities
In  a c la s s ic  essay , Schrodinger p o s ite d  a  l iv in g  system  to  be 
a  macroscopic system  which, c e te r is  p a rib u s , tends toward th e  same 
p rocesses as i s  th e  case w ith  a l l  n a t t e r  and energy in  reach ing  
some s ta te  o f  eq u ilib riu m  o r  maximum entropy . The l iv in g  organism 
appears to  be enigm atic  w ith  re sp e c t to  decay avoidance by th e  
process o f  energy exchange which i s  known as metabolism. As a l l  
l iv in g  systems do, en tropy  in crease  i s  d e fe rred  and l i f e  i s  main­
ta in e d  by c o n tin u a lly  drawing from th e  environment a v a ila b le  energy 
o r  nega tive  en tropy and d isca rd in g  waste and h e a t ,  o r  p o s itiv e
en tropy , in  th e  p rocess . L iving systems a re  th e re fo re  open systems
14th a t  involve energy exchanges w ith  t h e i r  environm ent.
Eoosystems, l ik e  in d iv id u a l b io lo g ic  organism s, th r iv e  on energy 
flows th a t  occur in  th e  food web. In  h is  trea tm en t o f  some fundamental 
p r in c ip le s  o f  ecology, M argatef aonsiders an ecosystem  "as th e  m a te ria l 
path  follow ed by energy th a t  g en era lly  e n te rs  in  th e  form o f  photons
■^Kenneth Boulding, The Meaning o f  th e  tw en tie th  Century, 
pp. 137-144-.
14Erwin Schrodinger, What i s  L ife?  (Doubleday Anchor Books: 
Garden C ity , New York. 1956) p . 69.
and goes o u t in to  an energy s in k " ^  Since a  la rg e  p o rtio n  o f  energy
e x tra c te d  from th e  environm ent, by anim als fo r  example, i s  u t i l i z e d
fo r  m etabolism , th e re  i s  a  drop o r  lo s s  o f  a v a ila b le  energy a t  each
tro p h ic  le v e l  in  th e  food c h a in , th u s le a v in g  p ro p o rtio n a te ly  le s s
1&a v a ila b le  energy to  th e  n ex t downstream le v e l .  Thus, fo r  in s ta n c e ,
100 k i lo s  o f  p la n t food i s  g e n e ra lly  req u ire d  to  support 10 k i lo s
o f  herb ivo re  which in  tu rn  can support only  one k i lo  o f  c a r n iv o r e .^
The lo s s  o f  energy seems to  imply th a t  th e re  i s  "some law about the
amount o f  power flow th a t  has to  go in to  th e  s in k  to  keep each u n i t
18o f  s tru c tu re  ordered  a g a in s t d iso rg an iz in g  e f f e c t s ."
In a  d iscussion  o f  th e  changes t h a t  occu r in  l iv in g  organisms
and systems o f  organim s, Lotka argued t h a t  evo lu tio n  i s  th e  h is to ry
o f  a  system  undergoing i r r e v e r s ib le  changes: evo lu tio n  proceeds from
le s s  probable to  more probable s ta te s  and in  t h i s  sense " the  law
19o f  evo lu tion  i s  th e  second law o f  thermodynamics." Recognizing 
th a t  o rgan ic  evo lu tion  i s  ju s t  the opposite  o f  th is  p ro cess , evolu­
t io n  in  l iv in g  systems i s  seen to  proceed as a  "maximal p r in c ip le "  
making " th e  t o t a l  energy f lu x  through th e  system  a maximum com patible
25
Ramon M argalef, P erspec tives in  E co log ica l Theory. 
(U n iv ers ity  o f  Chicago P ress; Cnicagp. 1968) p . l4 .
*1 C
See: H. Odum, E nv ironm ent, Power, and "Society, and 
M argalef, P ersp ec tiv es in~ koo log ica l Theory^ pp. *20-21.
17S te in h a r t, Energy: Sources, Use and Role in  Human A f f a ir s , 
p . 5. H. Odum p o s i ts  a  f i f t y  p e rcen t lo s s  o t  energy a t  tfie  p o in t 
o f  conversion.
18H. Odun, Environment, Power, and S o c ie ty , p . 148.
19A. J .  Lotka, Elements o f  M athematical B iology, p . 26.
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20w ith  th e  c o n s t r a in ts .11 That i s  to  say , th a t  in  th e  gradual process
o f  succession  toward more complex system s, n a tu ra l  s e le c tio n  o p e ra tes
to  in c rease  and maximize energy flow through th e  system and s e le c ts  fo r
21organisms whose energy -cap tu ring  devices a re  most e f f i c ie n t .
The ccnsequences o f  energy flow in  ecosystems may be s ta te d  in  
term s o f  a  d iv e r s if ic a t io n  o f  spec ies  in  a  community, com plexity o f  th e  
food web w ith in  i t ,  and in form ation  a cc u m u la tio n .^  One must no te  a  
d i s t in c t io n  a t  t h i s  p o in t between young and complex (mature) ecosystem s. 
The form er i s  ch a rac te rize d  by few species and numbers w ith in  sp e c ie s , 
a  sim ple food web whereby th e  r a t i o  o f  p red a to rs  to  prey i s  la rg e ,  and 
a  low accum ulation o f  in form ation  concerning th e  environm ent. In  young 
ecosystem s, a v a ila b le  energy i s  u t i l i z e d  p rim a rily  fo r  growth (p roduct­
ion ) in  terms o f  popu lation  and nunbers o f  sp e c ie s  and a  system  organ­
iz a tio n  by which the  number o f  food l in k s  in c re a se s  w ith  a  r e s u l t in g  
in c rease  o f  th e  t o t a l  production o f  biomass. Population growth norm ally
fo llow s a sigmoid curve , in c re a s in g  ex p o n en tia lly  w ith  a  gradual le v e l-
23ing  o f f  as species accumulate in  an environment. With m a tu rity , th e re
20
A. J .  Lotka, "The Law o f  E volution as a  Maximal P r in c ip le ” 
Hunan Biology 17:167-194. 1945.
^ A . J .  Lotka, "Note cn th e  Economic Conversion Factors o f  
Energy" Proceedings o f  th e  N ational Academy o f  Sciences 8:192-197. 
1921, and "C on tribu tion  o t  th e  E nerge tics  o f  E volution" Proceedings 
o f  -the N ational Academy o f  Sciences 8:147-151. 1922.
22 For a  d iscussion  concerning a  d e f in i t io n  o f  th e  e co lo g ica l 
community, see L. B. Slobodkin, Growth and R egulation  o f  Animal 
P opu la tio n s. (H o lt, R inehart and Winston: New York. 1961J
23For excep tions and a  c r i t iq u e  o f  th e  sigm oid curve model, 
see Slobodkin, Ib id .
i s  an in c rease  in  species d iv e rs if ic a t io n  and th e re fo re  rrore tro p h ic  
le v e ls  which req u ire  a  lower amount o f  energy per u n it  biomass fo r  
ira in ta in ing  community s tru c tu re  s in ce  d iv e rs ity  allow s a  fraction, 
o f  the  t o t a l  a v a ila b le  energy to  pass through d i f fe re n t  le v e ls .
Such o rgan iza tion  o f  s tru c tu re  in  complex mature systems can be 
sa id  to  r e ta rd  entropy production s in ce  energy use i s  more e f f i c ie n t .  
Moreover, in  the  process o f  succession , which i s  a  process o f  s e l f  
o rg an iza tio n , th e re  is  an accumulation o f  inform ation . Inform ation 
i s  gained from the  environment which in  tu rn  i s  used to  in te r p r e t ,  
respond to ,  and c o n tro l changes in  th e  environm ent, includ ing  the  
co n tro l o f  fu r th e r  inform ation inpu t i t s e l f .  Organic evolu tion  
proceeds in  a  d ire c tio n  o f  in c reas in g  inform ation sto rage  and flows 
(g en e tic , c e l lu la r ,  e tc . )  which im plies increased  o rd er and organ­
iz a tio n  . Since entropy is  c o n tin u a lly  c rea ted  from the in fo ru a ticn  
s to re d , the  ecosystem tends to  consume i t s e l f  by i t s  l i f e  a c t iv i t i e s .  
The balance between inform ation gained and entropy generated in  a
24
See: M argalef, P erspectives on Eoological Theory, pp. 20-21. 
Ihe d e f in itio n  o f  tro p h ic  le v e l  i s  th e ' number o f  food o r  energy 
transfo rm ations th a t  a  food source goes through b e fo re  i t  becomes 
an a v a ila b le  food source fo r  a  p a r t ic u la r  organism. Ihus, a  herb ivore  
feeding an p la n ts  e x is ts  cn the  second tro p h ic  le v e l ,  w ith p lan ts  
e x is tin g  cn th e  f i r s t .  I t  i s  im portant to  emphasize th a t  a  d is t in c t io n  
e x is ts  between energy p e r  u n i t  biomass and to ta l  energy flow. In  
oomplex communities such a s  a  t r o p ic a l  ra in  fo re s t  o r  a  co ra l r e e f ,  
energy flow and t o t a l  biomass are g re a te r  than in  young com nunities.
See: J .  H. Cbnnell and E, O rias, "Ihe Eoological Regulation o f 
Species D iversity"  American N a tu ra lis t  98:399-414 1964. p . 409.
O r
Ramon rfcrgalef, "On O ertain Unifying P rin c ip le s  in 
Eoology" Ecology 97:357-374 1963.
26M argalef, P erspectives cn E cological Theory, p. 29f.
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u n it o f  tim e determ ines the  dynamic s ta te  o f  -the ecosystem. ^
The o v e ra ll  s tra te g y  o f  ecosystem development, as s ta te d  by E. Odum, 
i s  th a t  as energy flow increases th e re  is  a  narked increase  in  system 
organ ization  and s tru c tu re , achieving  as la rg e  and d iverse  a  s tru c tu re  
as possib le  w ith in  the  l im its  o f  energy th a t  i s  a v a ila b le . Also involv­
ed in  succession are low entropy production and a drop in  th e  r a t io  o f
28primary production  to  biomass. The r e s u l t  i s  th a t  ecosystems tend
toward some degree o f  homeostasis o r s t a b i l i ty  la rg e ly  dependent on
th e i r  ad ap ta tio n a l responses to  environm ental f lu c tu a tio n s . MacArthur
has suggested th a t  th e  number o f  p o ssib le  pathways o f  energy flow in
animal populations i s  a  good measure o f  i t s  s t a b i l i ty ,  where pathways
99r e f e r  to  th e  l in k s  in  th e  food web. Leigh has in d ic a te d  th a t  w ith
th is  food web s t ru c tu re ,  s t a b i l i t y  increase  i s  a lso  assoc ia ted  w ith  a
30decrease in  p ro d u c tiv ity  and an increase  in  biom ass. W hittaker, in
d iscussing  th e  clim ax as a  population and as a  p a tte rn , suggests th a t
the  "clim ax i s  a  steady s ta te  o f  community p ro d u c tiv ity , s t ru c tu re , and
population" which e x is ts  in  balance w ith a  maximum u t i l iz a t io n  o f
31environm ental re so u rce s .
27Bernard C. P a tten , "An In troduction  to  the  Cybernetics 
o f  th e  Ecosystem: The Trophic-Dynamic Aspect" Ecology 40:221-231. 1959.
2 8Eugene P. Odum, "The S tra tegy  o f  Ecosystem Development"
Science 164:262-270. 1969. p. 266.
Robert H. MacArthur, "F luc tua tions o f  Animal Populations 
and a  Measure o f  Coimunity S ta b il i ty "  Ecology 36:533-536, 1955.
30Egbert G, Leigh, "On the  R elation  Between th e  P ro d u c tiv ity , 
Biomass, D iv e rs ity , and S ta b i l i ty  o f  a  Community" Proceedings o f  th e  
N ational Academy o f  Science 53:777-783. 1965.
3^R. H. W hittaker, "A Consideration o f  Climax Theory: The 
Climax as a  Population and P a tte rn "  Ecologioal Monographs 23:41-78. 1953.
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Although th e re  i s  no sound c a u se -e ffe c t r e la t io n  between
d iv e r s i ty  and coim unity s t a b i l i t y ,  th e re  i s  among e c o lo g is ts  a
genera l consensus as to  t h e i r  a s so c ia tio n . In th e  in te ra c t io n
between ecosystem s and t h e i r  environm ents, h ig h e r  d iv e r s i ty  according
to  M argalef "means langur food chains and more cases o f  sym biosis
(m utualism , p a ra s itis m , conmensalism) and g re a te r  p o s s ib i l i t i e s  fo r
n eg a tiv e  feedback c o n tro l, which reduces o s c i l l a t io n  and hence
32in c re ases  s t a b i l i t y . ” Ih u s , communities in  more s ta b le  environments
such a s  th e  t r o p ic a l  ra in  f o r e s t  have h ig h e r  species d iv e r s i ty  than
33communities su b jec ted  to  p e rio d ic  environm ental f lu c tu a tio n s .
In  an exam ination o f  th e  development and re g u la tio n  o f  sp ec ies  
d iv e r s i ty ,  Connell and O rias in d ic a te  t h a t  s t a b i l i t y  seems c o rre la ­
te d  d i r e c t ly  w ith  d iv e r s i ty .  In  s ta b le  environm ents, le s s  a v a ila b le  
energy i s  used f o r  re g u la to ry  purposes ( f o r  adapting  to  and /o r 
c o n tro ll in g  environm ental f lu c tu a t io n , i . e . ,  m aintenance energy) 
so t h a t  a  g re a te r  flow o f  energy fo r  reproduction  (p ro d u c tiv ity )
3t|
i s  p o s s ib le , having  consequences fo r  in c reased  d iv e r s i ty .  A 
nunber o f  o th e r  s tu d ie s  have in d ic a te d  th a t  v io le n t  f lu c tu a tio n s
35in  popu lations in  communities c h a ra c te r iz e d  by d iv e r s i ty  i s  r a r e .
32M argalef, P e rsp ec tiv es  in  E co log ica l Theory, p . 149.
33E. Odum, Fundamentals o f  Ecology, p. 149.
34Connell and O rias , "Ihe  E co lo g ica l R egulation o f  Species
D iv e rs ity " .
35For exanp le , see: C. S. E lto n , The Eoology o f  Invasions 
by Animals and P la n ts . (Methuen and Go. ,  L td . : London. 1§58) and ”
D. P im entel, ''S pecies D iv e rs ity  and In se c t  Population  Outbreaks"
Annals o f  the American Entom ological Society  54:76-86 1961.
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Once a s ta b le  community has been ach ieved , however, s t a b i l i t y  seems 
to  be a sso c ia te d  with- a  h igh  biomass and low p ro d u c tiv ity  fo r , as 
Dice s t a t e s ,  " s t a b i l i t y  and p ro d u c tiv ity  , .can seldom be secured 
simultaneously."'*® In b r i e f ,  a l l  popu lations can a t  l e a s t  th e o re t i ­
c a l ly  oome to  a  steady  s t a t e  in  which th e  environment i s  sa tu ra te d
w ith  anim als and th e  r a te  o f  in flow  o f  energy and th e  r a t e  o f
37energy expenditure  a re  equal and co n stan t in  value.
The p o in t o f  th i s  r a th e r  b r i e f ,  b u t hopefu lly  re p re se n ta tiv e , 
survey o f  th e  l i t e r a t u r e  p e r ta in in g  to  energy and energy t r a n s fo r ­
mation in  o rgan ic  system s i s  to  acknowledge a  nuiriber o f  un ify ing  
p r in c ip le s  which c u t acro ss  th e se  numerous s tu d ie s . When one 
considers communities o f  organisms a s  system s, one i s  b a s ic a lly  
d ea lin g  w ith  the  components o f  th ese  communities which a re  s t r u c tu r a l ly  
o rganized  in  system ic re la t io n s h ip s . Thus, system ic c h a r a c te r i s t ic s  
a re  n o t on ly  d if f e r e n t  frcm, b u t o ften  a re  no t found in  th e  sep a ra te  
components a lone . P r in c ip le s  invo lv ing  w holeness, h e ira rc h ic  o rd e r , 
approach to  a  s te a d y -s ta te , e q u i f in a l i ty ,  and feedback loops appear 
in  q u ite  d if f e r e n t  d is c ip l in e s  and may h e lp  to  exp la in  th e  p r in c ip le s
o f  o rg an iza tio n  as opposed to  the  f in d in g s  o f  more m icroscopic 
38s tu d ie s . Odum, M argalef, arid Lotka, among o th e rs , in  t h e i r  s tu d ie s
36Lee R. D ice, Man*s Mature and N a tu re 's  Man: The Ecology 
o f  Human Oomnunities. ( l ih iv e rs ity  o f  Michigan Press: Ann Arbor. 1955) 
p T W : ---------------------------
37Slobodkin, Growth a id  R egulation  o f  Aiimal P o p u la tio n s, 
p . 32. For a  d isc u ss ic n  o f  th e  s te a d y - s ta te ,  see pp .1 .
38B e rta la n ffy , General Systems Theory, pp. 8 3 -8 4 ., Kenneth
E. F. W att, ed . System s"A ialysls an Ecology. (Academic P re ss : New 
York. 1966), Vfelter Ruckley, 'Sociology drid Modern Systems Theory. 
(P re n tic e -H a ll: Englewood C l i f f s ,  New' Jersey. I9S73
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o f  o rgan ic  co im unities, have suggested some system ic p r in c ip le s  which 
may be app lied  to  the  study and a n a ly sis  o f  human s o c ia l  systems.
These p r in c ip le s ,  derived  from the  above mentioned s tu d ie s , may be 
summarized as follow s:
1. Ecosystems e x is t  as open system s, im porting energy from 
th e  environment and d ischarg ing  w aste, o r  entropy.
2. The thermodynamics o f  ecosystems involves an energy t r a n s ­
form ation a t  each tro p h ic  le v e l w ilh a lo ss  o f  some energy 
a t  each, le v e l  to  a  s ink .
3. Young ecosystems th r iv e  an energy fo r  growth in  term s o f  
numbers o f  species and numbers w ith in  species and a re  char­
a c t e r i s t i c a l l y  unstab le  in  responding to  environm ental 
f lu c tu a t io n .
4. Mature ecosystems are  species d iv e rs if ie d , have a  complex 
in te r re la te d n e s s  through th e  food web, and have h i$ i  informa­
tio n  accum ulation, a l l  o f  which co n trib u te  toward oornmmity 
s t a b i l i ty .
5. The evo lu tio n  o f  eoosystems i s  ch arac te rized  by se le c tio n  
f o r  organisms whose energy-cap turing  devices a re  most 
e f f ic ie n t  and where energy flu x  through th e  system  i s  maximized.
6. Mature ecosystems have a  high biomass to  production r a t io  
and low entropy production.
P a ra l le ls  in  th e  S tudies o f  S oc iocu ltu ra l Evolution
The ta sk  now i s  to  d iscover whether these  p r in c ip le s  can be 
ap p lied  to  human so c ia l o rgan iza tion  and i t s  evo lu tionary  development.
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C erta in ly  th e  human spec ies  i s  unique; c u l tu r a l  ev o lu tio n  has become
th e  ex tension  o f  b io lo g ic a l  ev o lu tion  so f a r  as a d ap ta tio n  to  the
environment i s  concerned. But t h i s  i s  n o t to  deny th a t  man l iv e s
as  an energy -cap tu ring  organism, l im ite d  w ith in  th e  thermodynamic
39o o n tra in ts  inposed by resou rce  and energy a v a i la b i l i ty .
A somewhat s a l ie n t  study  by James G. M ille r  involved th e  
a ttem pt to  c re a te  a  g en era l systems th eo ry  fo r  the  behav io ra l 
sc ien ces . Recognizing th a t  th e  sc ien ces d e a lin g  w ith  human behavior 
invo lve c h ie f ly  symbols and symbolic behav io r, th e  p r in c ip le s  
found in  in form ation  theory  are  included  along w ith  energy t r a n s fe r s .  
M ille r  thus s e t s  fo r th  some b a s ic  p ro p o sitio n s  among which a re  
included  th e  ex p o n en tia l growth o f  system s in  accordance w ith  
a v a ila b le  energy in p u t, th e  q u a n ti ta t iv e  spread o f  energy o r  
in fo rm ation  throughout system s, arid th e  su rv iv a l performance o f  
systems a t  an optimum e ff ic ie n c y  fo r  maximum power o u tp u t which 
i s  le s s  th an  maximum e ff ic ie n c y . ^
I t  i s  suggested th a t  i f  human so c ia l  o rg an iza tio n  i s  viewed 
in  th e  co n tex t o f  an ecosystem , then p rocesses involved in  organ­
iz a t io n  and s t r u c tu r a l  change are  n o t exempt from the  o p era tio n  
o f  p h y sica l and b io lo g ic a l law s, though one must be c a re fu l  where 
th e  analogy between s o c ia l  and o th e r  o rgan ic  systems breaks dow n.^
39Dobzhansky, Mankind Evolving, pp. 319-320.
40James G. M ille r , "Toward a  General Theory fo r  th e  B ehavioral 
Sciences" American P sycho log ist 10:513-531 1955, "L iving Systems: 
B asic  Concepts" B ehavioral Science 10 :3 : 193-237. 1965, "Living
Systems: S tru c tu re  and Process" B ehavioral Science 10:4:337-379 1965.
41le n s k i ,  Human S o c ie tie s , pp. 61-62.
Duncan has taken th e  v a ria b le s  energy, m a te ria ls  and inform ation as 
flows through a  s o c ia l  system  by which human e c o lo g is ts  and e v o lu tio n ­
a ry  th e o r i s t s  haw  sought to  ex p la in  processes o f  so c io c u ltu ra l 
growth and development. Such p rocesses nay be understood a s  fo u r  
c la s s e s  o f problems: what th e  u n i ts  o f evo lu tion  a r e ,  the cau ses,
g2the  co u rse , and th e  tre n d s  o r  p a tte rn s  th a t  re c u r .  Duncan h im se lf
has h e a v ily  u t i l i z e d  what he c a l l s  the  POET model as the  e o o lo g ica l
conplex (popu la tion , o rg a n iz a tio n , environm ent, techno logy), to
g e t a t  a  "view o f  s o c ia l  o rg an iz a tio n  as the  c o lle c t iv e  ad ap ta tio n
o f  a  popu lation  to  i t s  environment (which) avo ids th e  reduction ism
o f  b eh av io ra l concepts and th e  e  th e re  alism  o f th e  ' v a lu e -p a tte rn  *
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concepts o f  some c u ltu re  t h e o r i s t s ."
Perhaps one o f  th e  most im portant an th ro p o lo g ica l works in  
th e  a re a  o f  e v o lu tio n  i s  t h a t  o f  Sahlins and S e rv ic e 1 Evolution 
and C ultu re  which sought to  dem onstrate th a t  q u a n ti ta t iv e  and q u a l­
i t a t i v e  ev o lu tio n ary  changes in  so c io c u ltu ra l system s are consequences 
o f  th re e  'ty p e s ' o f  p ro g ress . One is  th e  tran sfo rm a tio n  o f g r e a te r  
energy . A second i s  th e  passage from lower to  h ig h e r  le v e ls  o f  
in te g ra t io n  whereby " c u ltu re s  th a t  transform  more energy have more
p a r ts  and subsystem s, more s p e c ia liz a tio n  o f  p a r t s ,  and more e f f e c t -
uuive  means o f  in te g ra t io n  o f  th e  whole." T h ird , g re a te r  a d a p ta b i l i ty
42Duncan, "S o c ia l O rganization  and th e  Ecosystem."
430. D. Duncan and L. F. Schnare, " C u ltu ra l ,  Behavioral 
and E oo log ica l P e rsp ec tiv es  in  th e  Study o f  S o c ia l O rganization" 
American Jo u rn a l o f  Sociology 65:132-146 1959, and 0. D. Duncan,
"From S o c ia l System to  Ecosystem"
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Sahlins and S e rv ice , Evolution and C u ltu re , pp. 35-36.
i s  a  r e s u l t  o f  th e  f i r s t  two. The au thors make a d is t in c t io n  between
genera l e v o lu tio n a ry  p ro g re ss , which involves a  t r a n s i t io n  to  h ig h e r
and h ig h e r l i f e  forms and an improvement an general a d a p ta b i l i ty ,
and s p e c if ic  ev o lu tio n ary  progress which c re a te s  d iv e r s i ty  through
45ad ap tiv e  m od ifica tion : "new forms d i f f e r e n t ia te  from o ld ."  Both
forms o f  e v o lu tio n  a re  considered  to  o p era te  sim ultaneously .
In c o n tra s t  to  th e  u n i l in e a r  ev o lu tio n ary  th e o rie s  such as
those by Maine and Morgan, Steward argues t h a t  human c u ltu re  evolved
Ufialong a  number o f  d i f f e r e n t  l in e s .  More o f  a  methodology than
a  th e o re t ic a l  s ta tem en t, th e  eo o lo g ica l a rea  i s  seen as im portant
in  n e c e s s i ta t in g  a  p a r t ic u la r  c u ltu re  to  develop a  d is t in c t iv e  form
in  adap ting  to  i t s  su rround ings.47 In S e rv ic e 's  review o f  p r im itiv e
s o c ia l  o rg an iz a tio n  and so c ia l  change, i t  i s  no ted  th a t  th e  dom esti-
f ic a t io n  o f  p la n ts  and anim als "perm itted  a  much more e f f e c t iv e
c o n tro l over -the n a tu ra l  environment than  sim ple foraging" which
pe rm itted  a  g re a te r  s iz e  and d e n s ity  o f  th e  so c ia l  body and more
48complex s o c ia l  s tru c tu re s  as ch a rac te rize d  ty  t r i b a l  so c ie ty .
S erv ice  i s  c a re fu l  to  p o in t o u t ,  however, th e  d iffe ren ce  between 
a  c la s s i f ic a t io n  o f  ev o lu tio n ary  s tages and "prime-movers" -  fa c to rs
45S ah lin s and S e rv ice , Evolution and C u ltu re , pp. 12-13.
46J .  H. Steward, Theory o f  C ulture Change: The Methodology 
o f  M u ltilin e a r  E volution . ( I h i  v e rs ify  o f  " I l l in o is  Press :Urbana. 1§59)
47Richard P. Appelbaum, T heories o f  S ocial Change. (Markham 
P ub lish ing  Co.: Chicago. 1970) pp. 56-57.
no
E, R. S e rv ice , P rim itiv e  S oc ia l O rganization: An 
E vo lu tionary  P e rsp e c tiv e . (Pandom House, i n c . :  foew York:. 1962)
pp. 110-111.
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which are  considered  causes o f  evo lu tionary  p rogress.
Among the an th ropo log ica l exponents o f  evo lu tionary  theo ry ,
perhaps none has been as pronounced as L es lie  White in  advancing
energy as a  fa c to r  in  c u ltu ra l  evo lu tion . From the  thermodynamic
view point, c u ltu re  i s  used in  i t s  b roadest sense as a  mechanism
which functions to  make l i f e  secure and continuous fo r  groups and
in d iv id u a ls . C u ltu re , says White, i s  "a  m ate ria l and th e re fo re
a  thermodynainic system ., an o rg an iza tio n  o f  th ings in  m otion, a
process o f  energy tran sfo rm ation . 11 ^ ^ White p o s its  th a t  c u l tu ra l
systems extend them selves in  two ways: (1) q u a n ti ta t iv e ly , by
a  m u ltip lic a tio n  o f  numbers, i . e . ,  popu lation , s o c ia l  u n i ts ,  e t c . ,
and (2) q u a l i ta t iv e ly , by developing h ig h er forms o f  o rgan ization
51and a  g re a te r  concen tra tion  o f  energy. Social systems "evolve 
as th e  amount o f  energy harnessed p e r c a p ita  per year in c re a se s ,"  
whereby evolvement i s  in  term s o f  s t ru c tu r a l  d if f e r e n t ia t io n , 
s p e c ia liz a t io n , and sp e c ia l mechanisms o f  in te g ra tio n  and reg u la tio n . 
White recognizes th a t  i t  i s  no t simply a  n a t te r  o f  increased  energy 
tran sfo rm ation , but a lso  a  tech n o lo g ica lly  e f f i c ie n t  use o f  a v a ilab le  
energy which i s  im portant in  exp la in ing  the  evo lu tionary  process.
N evertheless, a  s o c ia l system  i s  recognized as having the  a b i l i ty  
to  e x e r t  c o n tro l over th e  techno log ica l system  as to  impose a  l im i t
^ Ib id . pp. 179f.
Cf}
W hite, The Evolution o f  C u ltu re , p . 38.
51Ib id . p . 39.
52 Ib id . pp. 144-145.
to  which i t  can expand and develop and whereby c u l tu ra l  evo lu tion
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may even cease . As an example, White c i te s  th e  development o f
hoe a g r ic u ltu re  in  p rim itiv e  s o c ie t ie s  and the  consequent increase
in  population while those  s o c ie tie s  th a t  re ta in e d  animal husbandry
as a  dominant subsistence p a tte rn  d id  n o t develop c u ltu ra l ly  because
o f  the  l a t t e r ' s  r e la t iv e  in e f f ic ie n t  use o f  energy.^14
Richard Adams has focused upon th e  re la tio n s  between a iergy
and an expanding human so c ie ty , p a r t ic u la r ly  w ith  re sp ec t to  the
power dimension. Adams d is tin g u ish es  among four systems in  h is
model fo r  analyzing so c ie ty : (1) an o p e ra tin g  u n i t ,  a r b i t r a r i ly
chosen and which includes a  human population  c h a ra c te r is t ic ,  (2)
th e  power system, invo lv ing  an experience o f  exchange w ith the
op era tin g  u n i t ,  (3) the  ecosystem , th e  system  o f  m ateria l exchanges
amcng the  populations o f  sev era l sp ec ie s , and (4) th e  un iverse ,
th e  source o f  e x te rn a l energy in p u t. ^ ^ Recognizing th a t  th e  second
law o f  thermodynamics can serve a t  l e a s t  a  h e u r is t ic  value, nan i s
viewed as an energy c o n v erte r and as be ing  c o lle c t iv e ly  ac ted  upon.
I t  i s  Adams' contention th a t  so c ia l power and the  in crease  o f  i t s
le v e ls  o f  a r t ic u la t io n  a re  functions o f  a  so c ie ty ’s co n tro l over
the  environm ent, s p e c if ic a lly  the  co n tro l over sc a rc e , and th e re fo re
56valued, resou rces and th e  means o f  production . In  sum, a l l  s o c ia l
^ L e s l ie  a . W hite, "Energy and th e  Evolution o f  Culture" 
American A nthropologist 45:335-356 1943.
^ Ib id . p. 342.
55Richard N. Adams, Energy and S tru c tu re . (L h iv e rsity  
o f  Texas P ress: A ustin . 1975‘5 pp. 131-13V.
56„ .
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s tru c tu re s  a re  power s tru c tu re s  dependent on energy tra n s  fo rm ation ; 
bo th  energy and power a re  viewed as expanding in  the  evo lu tio n ary  
p rocess .
Several works have re la te d  c u l tu r a l  and s o c ia l  development
e x p l ic i t ly  to  environm ental f a c to r s .  Im p lic i t  in  these  a re  th e
use and a v a i la b i l i ty  o f  resou rces and, from th e  p e rsp ec tiv e  o f  th i s
stu d y , the  a v a i la b i l i ty  o f  energy. In  h e r a n a ly s is  o f  th e  fo u r
ty p es o f  environm ents found in  South America and the  C arribbean ,
Meggers i l l u s t r a t e s  t h a t  th e  most v i t a l  a sp ec t o f  th e  environm ent
so f a r  as c u ltu re  i s  concerned i s  su b s is ten ce  a t ta in e d  by food
p roduction . A pparen tly , th e re  i s  "some fo rce  a t  work to  which
man through h is . c u ltu re  must bcw"; c u ltu re  in  a  given environment
i s  e la b o ra te d  to  th e  l im i t  determ ined by the  c o n s tra in ts  o f  en v ircn -
5 7
m ental p o te n t ia l .  Thus, even when technology i s  developed and
advanced, as was th e  case w ith  the  In ca , i t  was im possible  to
extend th e  boundaries o f  c u ltu re  in to  th e  t r o p ic a l  fo re s t  because
58th e  su b s is ten ce  lowlands o f  the  In ca  empire were to o  meager.
C am eiro , q u estio n in g  t r a d i t io n a l  th e o r ie s  o f  th e  r i s e  o f  the 
s t a t e ,  suggests  th a t  a  necessary  su rp lu s  o f  food energy was n ecessary  
to  support a  ru l in g  c la s s .  Such an energy reso u rce  was a t ta in e d  by 
what C am eiro  term s resou rce  c o n ce n tra tio n , environm ental circum ­
s c r ip t io n ,  and s o c ia l  c irc u n E c rip tic n . The r i s e  o f  complex s o c ie t ie s  
in  th e  "c ra d le s  o f  c iv i l iz a t io n "  can be exp la ined  by th e  s c a r c i ty  o f
57B etty  J .  Meggers, "Ehvironmental L im ita tions cn th e  
Development o f  C ulture" American A nthropo log ist 56:801-824 1954. 
p . 809.
58Ib id . p . 808.
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resou rces, p a r t ic u la r ly  lan d , which e v e n tu a l l y  r e s u lte d  in  p o l i t i c a l
subordination  through w arfare over resources o r  the  need fo r  th e  co n tro l
59over rampant com petition,
Michael Ham er, recognizing th a t  population  growth i s  a  d e f in ite
tren d  in  human h is to ry , suggests th a t  population p ressure  i s  the key
60determ inant o f  s o c ia l  evo lu tion . Hie p o in t i s  th a t  population  p re s s ­
ure e x e r ts  a  p ressu re  upon resources as a so c ie ty  reaches i t s  l im it  o f  
population density  through a  p a r t ic u la r  technology. A s h i f t ,  from 
hunting and gathering  to  d o m estifica tion  o f  p la n ts  and anim als, fo r  
example, r e s u l ts  when the  sc a rc ity  o f  subsis tence  resources reaches a  
p o in t where new innovations mast be found to  support an expanding 
so c ie ty . W ilkinson has taken up t h i s  theme o f resource s c a rc ity  in  h is  
handsome monograph p e rta in in g  to  s o c ie ta l  p rog ress, Development, he
s ta te s ,  " is  needed when a  so c ie ty  outgrows i t s  resource base and pro- 
» filductive  system ." A so c ie ty  in  eco log ica l equ ilib rium  has an in te g ra ­
te d  productive technology and a  balance between i t s  demand fo r  n a tu ra l 
resources and the environmental a b i l i ty  to  supply them; however, out­
growing a  p a r t ic u la r  environmental "niche" because o f  popu lation  growth 
(the  developing s c a rc ity  o f  wood in  England, fo r  example) involves 
the  n e c e ss ity  fo r  tech n o lo g ica l, economic, and so c ia l  reo rg an iza tio n
^ R o b e rt L. C am eiro , "A Theory o f  the  O rigin o f  th e  S tate" 
Science 169:733-738.- 1970,
finMichael J .  H am er, "Population Pressure  and th e  Social 
Evolution o f  A g r ic u ltu ra lis ts "  Southwestern Journal o f  Anthropology 
26:1:67-86. 1970.
6'W chard  G. W ilkinson, Poverty and Progress: An Ecological 
P erspective  on Economic Development! CPraeger P ub lishers: New York. 
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in  o rd e r to  r a is e  th e  le v e l  o f  environmental e x p lo ita tio n . What
i s  o ften  termed so c ia l  development i s  r e a l ly  the development o f
need: poverty , n o t p ro sp e r ity , i s  th e  reason given fo r  development 
63and p rogress.
Although Durkheim's major focus was upon the  fea tu res  o f
so c ia l  s o l id a r i ty  in  the  changes th a t  occurred from pre-modem to
modern s o c ie t ie s ,  th e  reason given f o r  th e  evo lu tion  o f  so c ie tie s
from mechanical t o  o rganic  s o l id a r i ty  i s  what Durkheim terms moral
64-density  -  th e  number o f  people in in te ra c tio n . - As so c ie tie s  
grow in  popu la tion , so c ia l ideas he ld  in  common begin to  break down, 
more d is s im ila r ity  r e s u l t s ,  resources become sca rce , and a s o c ie ta l  
d i f f e re n t ia t io n  r e s u l ts  along occupational l in e s  to  more e f f ic ie n t ly  
e x p lo it  scarce reso u rces. Whereas p a s t so c ie t ie s  were ch arac te rized  
by mechanical s o l id a r i ty  a r is in g  from the s im ila r i t ie s  among in d iv id ­
u a ls , o rganic s o l id a r i ty  i s  ch arac te rized  by c o n tra c tu a l re la tio n s
a r is in g  from th e  in terdependencies th a t  e x is t  among th e  more au to -
65nomous and d if fe re n t  so c ie ta l  components p resent in  modem l i f e .
Sjoberg, in  h is  work on the  p re in d u s tr ia l  c i t y ,  sought to  
understand more adequately  the  processes involved in  th e  t r a n s i t io n
62 For an example o f  a  so c ie ty  in  eco lo g ica l equ ilib rium , 
see Rappoport, Pigs fo r  th e  A ncestors.
63For more on th is  p e rsp ec tiv e  see: Bernard G a llin , Hsin 
Hsing, Taiwan: A Chinese V illage  in  Change. (Berkley, 1966), b. h . 
Reader, £ulu T ribe in  t r a n s i t io n . (Manchester. 1966), and S ir  
Alexander C arr-Sauiders, The Population Problem. (Oxford U niversity  
Press: London. 1922).
64Emile Durkheim, The D ivision o f  Labor in  S oc iety . 
T ransla ted  by George Simpson (The t r e e  Press: hew York ' 1933)
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from fo lk  to  urban s o c ie t ie s .  S o c ia l s t r i c tu r e s  in  th e  c i ty  which e x is t ­
ed  before -the advent o f  in d u s t r ia l iz a t io n  were a  r e s u l t  n o t o f  urban 
fa c to rs  p e r  s e ,  b u t o f  technology which S joberg considered  th e  key 
independent v a r ia b le . Various means o f  technology enabLed a community 
to  achieve a  food surplus which could support an e l i t e  who in  tu rn  ware 
th e  power s t ru c tu r e  in  the  p re in d u s tr ia l  c i t y .  The spread  o f  technology, 
however, i s  dependent upon th e  power s t ru c tu re ,  so  bo th  a re  r e a l ly  con­
s id e red  a s  v a r ia b le s  in  the  o r ig in  and p r o l i f e r a t io n  o f c i t i e s .  The 
major p o in t o f  enphasis i s  t h a t  the  so c ia l  s t ru c tu re  o f  e a rly  c i t i e s  was 
la rg e ly  in flu e n ce d  by th e  e c o lo g ic a l b ase , an advanced technology to  
e x p lo it  the  environm ent, and a  w e ll developed power s tru c tu re  which 
reg u la ted  and c o n tro lle d  reso u rce  d is t r ib u t io n ,  eccnomic a c t iv i t y ,  and 
conso lida ted  th e  boundaries o f  em pire.
Gouldner and Peterson , in  a  more em p irica l trea tm en t o f  th e  r e l a ­
t io n  o f technology to  so c ia l s t r u c tu r e ,  found th e  farm er to  be most 
h igh ly  c o r r e la te d  w ith th e  development o f  a  more complex and d i f f e r ­
e n tia te d  s o c ia l  system. The heigh tened  ten s io n  generated  and 
experienced in  d i f f e r e n t ia te d  so c ie ty  as a  consequence o f  c o n f l ic t in g  
p e rsp ec tiv e s  and demands c re a te s  th e  need- f o r  and development o f  
a  norm ative s tru c tu re  -  "a  complex o f  norm -em itting , le g itim a tin g ,
surveying, and san c tio n in g  arrangem ents,"  which serve  as an ad ap tiv e
6 7response to  th e  growing problems o f  s o c ie ta l  management." The 
conclusion  th e  au tho rs make i s  t h a t  technology i s  more l ik e ly  to
^^Gideon Sjoberg, The P re in d u s tr ia l  C ity : P a s t and P re se n t.
(The Free P ress o f  Glencoe: foew ¥ark . 196t0 . . . .  -
^ A lv in  Gouldner and Richard P e terso n , Notes On Technology 
and the Moral O rder. (B abbs-M erriU : Indianapolis*; l^ K T  p .' ST.
in fluence  the  norm ative s tru c tu re  o f so c ie ty  than  any o th e r  fea tu re  
o f  so c ia l  behavior.
Georgescu-Roegen, in  analyzing  th e  economic process as e n tro p ic , 
fin d s  th a t  a l l  advanced economies o f  the  world nan aged to  a t t a in  
a  higji le v e l o f  economic development cn th e  b a s is  o f  a  developed 
a g r ic u ltu re . Furthermore, economic development seems to  e n ta i l  a  
more e f f ic ie n t  use o f  a v a ila b le  energy o r  an expansion o f  energy 
co n v erte rs . C iv il iz a tio n , he s t a t e s ,  i s  " th e  economy o f  power" 
and th e  reo rg an iza tio n  o f  people to  e x tra c t  g re a te r  energy o r  lew 
entropy e n ta i l s  a  reo rg an iza tio n  o f  s o c ia l  s t ru c tu re .  The extension  
o f  m an's b io lo g ic a l p o te n t ia l  and h is  instrum ents o f production 
by use o f  "exosonatic  instrum ents" caused production to  become more 
a  s o c ia l  as opposed to  an in d iv id u a l o r  c lann ish  a c t iv i ty ,  a  
process which re q u ire s  h igher forms o f cooperation.®®
Boulding i s  most e x p l ic i t  in  r e la t in g  energy to  the  evo lu tionary  
p ro cess , p a r t ic u la r ly  in  modem s o c ie t ie s .  The entropy t r a p ,  by 
which i s  meant th e  tendency toward so c ia l d iso rd e r  can only be 
avoided by inputs o f  energy to  segregate  entropy.®®
F in a lly , in  a  landmark work, C o ttre ll  r e la te s  energy to  th e  
n a tu re  o f  s o c ia l  o rg an iza tio n  in  th a t  th e  energy converters req u ired  
fo r  h igh  energy flows in  complex s o c ie t ie s  re q u ire  in  tu rn  th e  
c re a tio n  o f  new so c ia l  u n i ts .  An e la b o ra te  o rgan iza tion  o f  so c ie ta l  
s tru c tu re s  (expecta tion  systems o f  repeated  choices) emerges to
CQ
Georgescu-Roegen, The Entropy Latf and th e  Economic Process.
p. 51.
69Boulding, The Meaning o f  th e  Twentieth Century, p . 139.
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allow  the  in crease  o f  energy flew where p rev ious co n v erte rs  and
t h e i r  ooncorrmitant s o c ia l  o rg an iz a tio n  were inadequate. The
au tho r t r a c e s  h i s to r i c a l l y  th e  d e f in i t iv e  ro le  which energy p lays
70in  th e  c re a tio n  o f  a  p a r t i c u la r  s o c ia l  s t ru c tu re  and o rd e r.
Prom th e  review  o f  th e se  s tu d ie s ,  cne recognizes th a t  th e  
trea tm en t o f  s o c ia l  systems and ev o lu tio n ary  change in  them from 
a  thermodynamic p e rsp ec tiv e  i s  a t  l e a s t  a  v iab le  p o s s ib i l i ty .  Some 
o f  th ese  s tu d ie s ,  such a s  those  by S ah lins and Service and L e s lie  
White deal e x p l ic i t ly  w ith  th e  energy f a c to r  in  ex p la in in g  so c io ­
c u l tu r a l  change. O thers, such as those by W ilkinson, Meggers, and 
C am eiro , t r e a t  th e  development o f  c u ltu re  and s o c ia l  o rg an iza tio n  
in  an eco lo g ica l o r  environm ental c o n te x t, recogn izing  th a t  resou rces 
necessa ry  fo r  human su b sis ten ce  and population  growth a re  im portant 
fa c to r s  th a t  must be given c o n s id e ra tio n  and which provide th e  
in g re d ie n ts  necessa ry  fo r  innovation  and change. In many o f  these 
s tu d ie s ,  th e  ro le  o f  energy i s  im p l ic i t ,  f o r  w hether one i s  concerned 
w ith  food, m a te ria l re so u rc e s , o r  th e  environm ent, one i s  e s s e n t ia l ly  
a ls o  considering  energy in  a l l  i t s  many form s. The p o in t ,  im p lic i t  
a t  l e a s t ,  in  t h i s  b r i e f  review  o f an th ro p o lo g ica l and so c io lo g ica l 
tre a tn E n t o f  change in  s o c ie t ie s  i s  t h a t  energy i s  a  necessary  
co n d itio n  fo r  so c io -c u l tu ra l  e v o lu tio n . For w hether one i s  d ea lin g  
w ith  resou rce  su rp lu s o r  s c a r c i ty  as a  f a c to r  which "moves1' s o c ia l  
system s to  h ig h e r le v e ls  o f  growth and e la b o ra tio n  o f  t h e i r  s t ru c tu re s ,  
such development and growth can only take  p lace  when cond itions
^ F r e d  C o t t r e l l ,  Energy and S o c ie ty . The R e la tion  Between 
Energy, Social Change, and Economic bevelbpm ent. (McGraw-Hill Bock 
Co.: New York. 1955)
mate i t  e n e rg e t ic a l ly  p o ss ib le . Im p lic it  a lso  i s  t h a t  a s  s o c ie t ie s  
r a i s e  t h e i r  le v e l  o f  energy tran sfo rm a tio n , a  reo rg an iza tio n  o f  
so c ia l  s t ru c tu re  and s o c ia l  p rocesses takes p lace  which o f f e r s  a  
g re a te r  adap tive  c a p a c ity , more in te g ra t iv e  mechanisms, and a  g re a te r  
accum ulation o f  inform ation  w ith  which to  c o n tro l and respond to  
th e  environm ent. Yet t h i s  i s  n o t to  deny th a t  o th e r  fa c to rs  such 
as aval I  ab le  tech n o lo g ie s , p o p u la tio n  growth, and a  c u l tu r a l  complex 
which inform s a  s o c ie ty 's  needs and goals a re  n o t o f  g re a t  s i g n i f i ­
cance. I t  i s  m erely to  say th a t  energy i s  a  n ecessa ry , b u t n o t 
s u f f ic ie n t  co n d itio n  fo r  s o c ie ta l  ev o lu tio n .
i
In some im portant ways th e  growth and development o f  s o c ie t ie s  
p a r a l le l s  th e  growth and development o f  eco lo g io a l com nunities.
Energy i s  the lew en tropy  which s u s ta in s  l i f e ,  in c re a sed  energy 
i s  accompanied by su s ta in e d  growth o f  p o p u la tio n s , and th e  cap tu rin g  
o f  in c reased  amounts o f  energy from th e  environment i s  accompanied 
by an e la b o ra tio n  o f  s tru c tu re  in  term s o f  d iv e r s i f ic a t io n ,  a  g re a te r  
in te g ra tio n  o f  th e  community as a  system, and in c reased  accum ulation 
o f  in fo rm ation . Thermodynamic p r in c ip le s  and th e  ro le  o f  energy in  
so c io c u ltu ra l e v o lu tio n  w i l l  be considered  in  th e  n ex t c h ap te r.
CHAPTER THREE
ENERGY: THE CONDITION K)R THE EVOLUTION 
OF SOCIETIES
From the  foregoing and b r i e f  review o f  a  number o f  s tu d ie s , i t  
i s  ev iden t th a t  th e  environment plays a  s ig n if ic a n t  ro le  in  the  evolu­
tio n a ry  development o f  human s o c ie t ie s .  The aim o f  the  p re se n t d iscus­
sion  i s  to  begin to  form ulate a  view o f  Hie dynamic changes t h a t  have 
occurred in  s o c ie t ie s ,  u t i l i z in g  a  sp e c if ic  evo lu tionary  paradigm, i . e . ,  
th e  ro le  o f  energy transform ation  in  the growth and development o f  human 
s o c ie tie s  as re f le c te d  in  g re a te r  attem pts to  m aster th e  environment.
I t  should be s ta te d  a t  th e  o u tse t th a t  the  ro le  o f  energy in  
evo lu tionary  development i s  th a t  o f  a  cond ition ing  fa c to r , n o t causa l. 
There i s  no one to  one re la tio n sh ip  between the  absolu te  amount o f  
energy harnessed by a  so c ie ty  and the type o f  evo lu tionary  p ro g ress .
Nor should energy conversion o r  transform ation  be viewed as a c tin g  
"p r io r  to" o r  antecedent to  so c ia l  s t ru c tu ra l  change. Whatever d ire c t­
ion and form a  so c ie ty  takes on the  evo lu tionary  path  i s  node e n e rg e ti­
c a l ly  p o ss ib le  to  th e  degree th a t  energy i s  a v a ila b le  and harnessed  fo r  
the  s p e c if ic  o b jec tiv e s  th a t  a  so c ie ty  deems,im portan t. Hunan va lues, 
goa ls , u ltim ate  concerns, i . e . ,  c u ltu re , has a  g rea t deal to  do w ith  
th e  d ire c tio n  and course  o f  the evo lu tionary  p rocess . Far i t  i s  
cu ltu re  th a t  has enabled nan to  adap t to  h is  environment in  accordance 
w ith  an id ea  -  a  m e n ta lis t ic  framework th a t  guides h is  in te ra c tio n  
w ith  th e  n a tu ra l  world and o th e r  men and th a t  superimposes upcn both
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a s t ru c tu re .  I t  I s  c u l tu re ,  through technology, th a t  i s  the  guide 
as to  w hether and how th e  a v a ila b le  energy th a t  i s  o f fe re d  by n a tu re  
w i l l  be harnessed  t o  do work and i t  i s  va lues which determ ine how 
energy and reso u rces w i l l  be d is t r ib u te d  in  c re a tin g  c iv i l i z a t i o n .
I f  energy s e t s  th e  c o n d itio n s  o f  ev o lu tio n ary  development, the  ro le  
o f  c u ltu re  o r  what w i l l  be r e fe r re d  to  as inform ation provides the  
c o n tro ls  o f  s o c ie ta l  development.
Rather than  viewing energy s t r i c t l y  as a  "cause" o f  s o c ia l  
o rd e r , i t  must be viewsd as a  v a ria b le  in  in te rp la y  w ith  o th e r  fa c to r s  
in c lu d in g  th e  development o f  human need and o f  in d iv id u a l and s o c ie ta l  
g o a ls . I t  i s  human, and u ltim a te ly , s o c ia l  needs t h a t  r e s u l t  in  
new forms o f  s o c ia l  cooperation  th a t  can e x e r t  a  g re a te r  e x p lo ita t iv e  
power over th e  n a tu ra l  environm ent. The harnessing  o f  energy i s  
a sso c ia te d  w ith  bo th  th e  development o f  need and th e  op era tio n  o f  
values which m otivate men to  gain  fu r th e r  access to  th e  f re e  energy 
in  n a tu re .
Technology and Environment
An im portant c o n sid e ra tio n  in  "what happened in  h is to ry "  accord­
in g  to  C hilde i s  th a t  man u ltim a te ly  adapted the  environment to  him­
s e l f  by dev is ing  s u i ta b le  equipment ( to o ls ,  e t c . )  by which "hunen
1
so c ie ty  can f i t  i t s e l f  to  l iv e  under alm ost a l l  c o n d itio n s ."  Organisms, 
i t  i s  t r u e ,  a lso  a c t  upon t h e i r  environments to  change o r  modify 
them and, as Simpson p o in ts  o u t ,  ad ap ta tio n  i s  n o t sim ply something
^V. Gordon C hilde, What Happened in  H is to ry . (Penguin Books: 
London. 1946) p . 27.
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t h a t  th e  environment imposes upon th e  organism. What th e  human 
species has accom plished, however, i s  a  broadening o f  th e  eco lo g ica l 
n iche  t h a t  su rpasses th e  adap tive  form o f  any o th er l iv in g  th in g .
Technology, th e  a p p lic a tio n  o f  knowledge to  p r a c t ic a l  purposes, 
invo lves techn ique -  th e  a r t  o r  c r a f t  o f  applying knowledge o r  
experience to  c re a te  and form ulate new -things from the  environm ent. 
Technology, however, invo lves more th an  sim ply to o ls  and nachines 
f o r  in  i t s  b ro ad es t dimension technique nay be ap p lied  to  th e  very
Q
p rocesses o f  s o c ia l  o rg a n iz a tio n  i t s e l f .  In c o n tra s t  t o  th e  
spontaneous, unplanned change th a t  i s  c h a r a c te r is t ic  o f  b io lo g ic a l  
e v o lu tio n , technology re p re se n ts  th e  mechanism by which p lanned, 
in tended , and d ire c te d  change becomes p o ss ib le  in l in e  w ith  apparent 
need and c u l tu r a l  v a lu es . As such , i t  becomes an in c re a s in g ly  
" ra t io n a l"  way as p a r t  o f  c u ltu re  to  make l i f e  more secu re  and which 
becomes an in te g ra l  p a r t  o f  any a t te n p ts  to  c o n tro l the  environm ent.
A given popu la tion  e x is t in g  in  a  given t e r r i t o r i a l  a re a  nay 
o r  nay n o t have fu n c tio n s which a re  operable to  bo th . This i s  to  
say  t h a t  a  popu la tion  o r  so c ie ty  and an environment e x is t  in  a  mutual 
re la t io n s h ip  to  th e  degree th a t  techno log ies are  developed on the  
one hand and th a t  reso u rces a re  p re se n t on the  o th e r . Tb th e  degree 
th a t  techno log ies a re  developed to  tak e  advantage o f  re so u rce s  th a t  
a re  a v a ila b le  in  a  se ttlem en t a re a , a  so c ie ty  nay pursue a  g re a te r  
c ap a c ity  to  e x p lo it  n a tu re . C onversely, to  the  degree t h a t  th e
o
G. G. Simpson, *Ihe Major F ea tu res o f  E vo lu tion . (Colunbia 
U n iv e rs ity  P ress: New York! 1553} pp. 185-183,
3Jacques E l lu l ,  The T echnological Society . (V intage Books:
New York. 1964). .
environment in  a  se ttlem ent a rea  has p o te n t ia l  resources to  be 
exp lo ited , i t  o f fe r s  g re a te r  p o s s ib i l i t i e s  fo r  l i f e  support and fo r  
c u ltu ra l development. A popu la tion  whose b a s ic  economy i s  hunting 
may fin d  a  t e r r i t o r i a l  a rea  conducive and fu n c tio n a l when i t  provides 
herds o r  a  s c a t te r e d  bu t p le n t i f u l  supply o f  e d ib le  anim als. Ihe 
same t e r r i t o r i a l  a rea  may o f f e r  a  much r ic h e r  source o f subsis tence  
with a  h ig h ly  f e r t i l e  to p s o il  and proper c lim ate  in  the form o f p la n t 
l i f e .  But u n le ss  and u x t i l  t h i s  p o te n tia l  i s  d iscovered  and u t i l i z e d  
i t  remains a  p o te n tia l  b u t u n rea lized  function  fo r  human e x is ten ce .
G. G. Simpson, in  d isc u ss in g  opganismic a d ap ta tio n , u t i l i z e d  
idie concepts p rospective  and re a l iz e d  functions o f  environment and 
organism.*1 P rospective  functions r e f e r  to  an environment which has 
resource p o te n t ia l  and a  popu lation  which has tech n o lo g ica l p o te n tia l  
The r e a l iz a t io n  o r  mutual fu lf i l lm e n t  o f  th e  p ro sp ec tiv e  functions 
o f each i s  what Simpson terms re a l iz e d  fu n c tio n s , o r  th a t  which 
i s  fu n c tio n a lly  o p e ra tiv e , r a th e r  than simply p o ss ib le , to  bo th .
I t  nay be seen through1 h is to ry  t h a t  o ften  an environment has capab il­
i t i e s  which a r e  n o t explored because o f  a  poor le v e l  o f  techno log ica l 
development o r  a  p a r t ic u la r  con fig u ra tio n  o f  c u ltu re  which has no 
need fo r f u r th e r  resource e x p lo ita t io n , o r  b o th . Conversely, i t  i s  
no t in freq u en t t h a t  the p o te n t ia l  o f  men's c re a tiv e  a b i l i t i e s  a re  
no t re a liz e d  because o f  a  p a r t ic u la r  environment which i s  lim ite d  
in  resources.
So f a r  a s  th e  evo lu tion  o f  human s o c ie t ie s  I s  concerned, i t  
S im p so n , The Major Features o f  E volution , p. 185.
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i s  c le a r  t h a t  a  n a jo r  fe a tu re  o f  th e  ev o lu tio n ary  p rocess i s  th e  
expansion o f  th e  environm ental base  v ia  a  p rocess o f  a  g re a te r  
r e a l iz a t io n  o f  th e  environm ent's p o te n t ia ls  through developing 
tech n o lo g ie s . I t  seems to  be the p a tte rn  o f  th e  ev o lu tio n ary  p rocess 
i t s e l f  th a t  th e  most obvious and most a v a ila b le  resources were 
e x p lo ite d  f i r s t ,  re q u ir in g  o o n p a ritiv e ly  l i t t l e  innovation . Thus, 
circum stances which perm itted  food g a th e rin g  o r hun ting  economies 
re p re se n te d , so f a r  a s  i s  known, th e  f i r s t  re a l iz e d  func tions between 
groups o f  people and th e  p h y sica l w orld. Only when th e  d e s ire  and 
need arose  to  make a  le v e l  o f  l i f e  e n e rg e t ic a l ly  p o ss ib le  d id  
inven tion  and innovation  become fu n c tio n a l in  e x p lo it in g  fu r th e r  
th e  p o te n t ia l  p resen t in  n a tu re  which cou ld  provide more s e c u r ity  
and c e r ta in ty .  Ihe inven tion  o r  a p p lic a tio n  o f  f i r e ,  to o ls ,  p la n t  
and animal d o m estica tio n , and m etallurgy  invo lved  th e  discovery  o f  
e n t i r e ly  new p r in c ip le s  which L inton has term ed b asic  inven tions 
as opposed to  the le s s  sp e c ta c u la r  bu t perhaps more fa r-re ac h in g  
improving in v en tio n s  which in c reased  th e  c a p a b il i ty  o r  e f f ic ie n c y  
o f  p re -e x is t in g  d e v ic e s .  ^ The development o f  to o ls  and weapons 
s ig n i f ic a n t ly  ra is e d  th e  le v e l  by which man oould tak e  advantage o f  
re so u rces . F ire  n o t on ly  o ffe re d  h e a t b u t th e  a b i l i t y  to  u t i l i z e  
p la n t and animal n a te rd a l h e re to fo re  in e d ib le  fo r  consumption. I t  
i s  e s tim a te d , fo r  example, t h a t  th e  d iscovery  o f  f i r e  r a is e d  th e  
energy p o te n t ia l  p e r  c a p i ta  to  4000 k i lo c a lo r ie s  p e r  day compared
^Ralph L in ton , The Tree o f  C u ltu re . (V intage Books: New 
York. 1958) Chapter 2.
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to  th e  2000 k ilo c a lo r ie s  p e r  day in  a  food-alone so c ie ty  w ithout 
the  b e n e f i t  o f  fire .®
Thus, the  prim ary function  o f  technology i s  th a t  i t  expands and 
broadens n a n 's  c a p a b il i t ie s  in  re a l iz in g  resources and energy in  the  
environment. The development o f  need a s  a  r e s u l t  o f  s c a rc ity  o f  resou r­
ces c rea ted  in  la rg e  p a r t  th e  impetus fo r  new techn iques.' To make what 
i s  c u l tu ra l ly  and so c ia l ly  d e s irab le  e n e rg e tic a lly  p o ss ib le , th e  in tru ­
s io n  in to  the  p rospective  functions o f  th e  environment nay be accomplish­
ed in  depth o r  in  scope in  any one o r  combination o f  fo u r ways:
1. Capturing the  n a tu ra l  flew o r  stocks o f  energy which involve 
a  minimum o f  environm ental change. S o lar energy as a  flow i s
i e s s e n t ia l ly  s to re d  in  p la n t n a t t e r .  Waterways, w a te r fa l ls ,  and
wind a lso  rep resen t flews o f  energy fo r  food, tra n s p o r ta tio n  and, 
in  modem tim es, h y d ro e le c tr ic  power. Stocks nay be in  the  form 
o f  wood fo r  fu e l ,  to o ls ,  and s h e l te r  o r  in  the form o f  anim als 
which supply food in  ad d itio n  to  p la n ts . At t h i s  le v e l ,  a  
minimum o f  technology i s  necessary  fo r  subsis tence .
2 . E nlarging th e  resource o r  energy base. This invo lves e i th e r  an 
expansion o r  broadening o f  th e  t e r r i t o r i a l  a rea  by means o f  
t r a d e ,  conquest, o r  m igration  o r  an expansion in  depth in  terms 
o f  the  nunber and types o f  resou rces in  a given a re a . Thus, 
anim als h e re to fo re  considered  in e d ib le  o r  u n a tta in ab le  fo r  
food may become an ad d itio n  to  p la n t food fo r  su b s is ten ce .
S ’E. Cook, "The Plow o f  Energy in  An A g ric u ltu ra l Society" 
S c ie n t i f ic  American 225:3:136, 1971.
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In  modem s o c ie t ie s ,  the  resource base may be expanded by the  
d iscovery o f  m te r i a l s  and /o r technologies which make these  
resources u t i l i z a b le .  The replacement o f  wood by coal and the  
l a t t e r ' s  gradual replacem ent by petroleum  and uranium a re  
examples o f  a  r e a l iz a t io n  o f  n a tu re 's  p o te n t ia l .
3. Increasing  th e  p ro d u c tiv ity  o f  energy sources a lready  in  u se .
That i s ,  th e  development o f  e ff ic ie n c y  and conserva tion  measures 
to  r e t r ie v e  more energy b e n e f its  p e r  u n i t  o f  energy expended
on the  r e t r i e v a l  process i t s e l f .  The increased  e ff ic ie n c y  
o f  engines and more e f f ic ie n t  techniques o f e x tra c tin g  and 
using  resources a re  examples. On th e  o th e r  hand, technolog ies 
nay be developed which in c rease  th e  a v a i la b i l i ty  o f  resources 
a lread y  in  u se . M ishkin, fo r  example, c i te s  th e  e f f e c ts  o f  
th e  in tro d u c tio n  o f  th e  horse among the  P la ins Ind ians in 
enabling  them to  e x p lo it  more in  depth the  b u ffa lo . Animals 
may a lso  be s u b s ti tu te d  fo r  human lab o r.
4. The development o f  new energy sources d ire c tly  through tech n o l­
ogy such as f is s io n  and fusion  processes and new h ig h -y ie ld  
g ra in s .
In  the  beginning  o f  human h is to ry , nan had on ly  h i s  hands, f e e t  
and b ra in  w ith  which to  tra c k  down resources fo r  h is  b a s ic  l i f e  support. 
With t i e  development o f  stone and wood to o ls  and weapons, however, 
he extended h is  c a p a b il i ty  by in  f a c t  extending th e  m echanical advant­
age. Such dev ices became ex tensions o f  m an's n a tu ra l  endowment as
^Bernard M ishkin, Rank and Warfare Among th e  P la in s In d ian s . 
(U n iversity  o f  Washington P ress: American E thnological- Society. 1940)
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exosomatic in s tru m en ts . The use o f  such exosomatic instrum ents
a s  was the case  w ith to o ls  and f i r e  produced consequences fo r 
m an's so c ia l l i f e  in  th e  way o f a  g re a te r  cooperation and a  g re a te r  
economic s t a b i l i t y  so f a r  a s  subsis tence  was concerned. With th e  
fu r th e r  development o f to o ls ,  a  f a i r ly  f e r t i l e  land a re a  could be 
e x p lo ited  in  depth  to  produce a  g re a te r  y ie ld  i f  a g r ic u ltu re  was 
p ra c tic e d  in te n s iv e ly . Food production has a sso c ia ted  w ith i t  a  
more permanent se ttlem en t p a tte rn  which obviously has consequences 
in  terms o f  th e  development o f  expanded k in sh ip  s tru c tu re s  and the 
id ea  o f  p ro p erty .
The development o f  animal husbandry as a  technology o f  food 
production  in  some p r o l if e r a te  s o c ie tie s  o f fe rs  an in te re s tin g  
exception  fo r ,  seemingly, i t  rep resen ted  a  s te p  up from hunting  and 
ga thering  s o c ie t ie s .  As f a r  as  can be determined however, no so c ie ty  
o r ie n te d  around th is  form o f  technology "developed" in  an evolu tionary
q
sen se . The reason  fo r  t h i s  i s  th a t  in  a  p a s to ra l economy much le s s  
c o n tro l and e x p lo ita tio n  o v e r n a tu re  i s  achieved than in  the  case 
w ith  in te n s iv e  a g ric u ltu re . The harnessing  o f  energy in  t h i s  form 
i s  much more dependent upon th e  caprices o f  n a tu re  u n le ss , as in  
th e  case o f  modem s o c ie t ie s , men a lso  c u lt iv a te  p la n t food fo r  
anim als r a th e r  than  re ly in g  upon w ild  foods fo r  th e i r  subsis tence . 
Animal husbandry i s  thermodynamically in e f f ic ie n t  a lso  in  the  sense 
t h a t  up to  ten  tim es more energy can be re tr ie v e d  from the  p la n t food
0
Georgescu-Roegen, The Entropy Law and the  Economic Process.
p . 307.
^Duncan, "Social O rganization and th e  Ecosystem'."
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th a t  dom esticated anim als consume than from th e  animal i t s e l f . 10
In a d d itio n , as White suggests ,
"Added to  a l l  o f  the  above, i s  the  fa m ilia r  f a c t  
th a t  a  nomadic l i f e ,  which i s  customary in  a  
p a s to ra l eaonomy, i s  no t conducive to  the devel­
opment o f  advanced c u ltu re s . The seden tary  l i f e  
th a t  goes w ith  a g ric u ltu re  i s  much more conducive 
to  the  development o f  the  a r t s  and c r a f t s ,  to  th e  
accumulation o f  wealth and su rp lu ses, to  urban 
l i f e . "11
The r i s e  o f  metre complex s o c ie t ie s  in  th e  so -c a lle d  "c rad les  
o f  c iv i l iz a t io n "  no doubt had d i s t in c t  environm ental problems in  
each which had to  be overcome in  o rder fo r  a  h igh  d ensity  o f  
population  which ch a rac te rized  th e  r i s e  o f  c i t i e s  to  come in to  
ex is ten ce . A p rinary  condition  was th e  development o f  in ten siv e  
a g ric u ltu re  o r  a  land-use p a tte rn  fo r  producing food which could 
support n o n -a g r ic u ltu ra l is ts .  No doubt, the  p rospective  functions 
o f  th e  environment along th e  Peruvian Coast which was circum scribed 
by mountains, sea , and d e se r t  were q u ite  d if f e r e n t  from th a t  
o f  th e  N ile  R iver Valley w ith  i t s  seasonal flooding and consequent 
r e f e r t i l i z a t i c n  o f  the  top  s o i l .  Whatever d iffe ren ces  th e re  were 
in  e x p lo itin g  somewhat d is s im ila r  n a tu ra l  a re a s , the  techniques 
which made these  a reas o p e ra tio n a l and fu nc tiona l fo r  th e  peoples 
l iv in g  w ith in  them must be viewed as fu n c tio n a lly  eq u iv a len t to  some 
d e g re e .^
The p re ssu re  on subsis tence  nay have had much to  do w ith  th e  
development o f  these  c iv i l iz a t io n s  in  the  N ile  R iver V alley , th e  Indus
^ W h ite , "Energy and the  Evolution o f  C ulture" p . 343.
12Duncan, "S ocial O rganization and th e  Eoqsystem" p. 57.
R iver V alley , th e  Yellow River V alley , Mesopotamia, and as C am eiro
13
su g g e s ts , in  Meso-America. As th e  "e a s ie s t"  e x tra c ta b le  reso u rces
became sca rce , i t  was necessary  to  expand fu r th e r  th e  p ro sp ec tiv e  
fu n c tio n s  o f  the environment in  b re a d th , by conquest o r  m ig ra tio n , 
o r  in  depth  by more e f f i c ie n t  e x tra c t io n  tech n iq u es. W ittfo g e l1 s 
"h y d ra u lic  th e s is "  i l l u s t r a t e s  i f  n o th in g  e ls e  th e  development o f  
a technology as a response to  need which n o t in c id e n ta lly  involved  
in  a d d i t io n 9 new forms o f  so c ia l  o rg an iz a tio n . In  th e  case o f  
i r r i g a t i o n ,  the  p ro d u c tiv ity  o f  an environm ental b a se  in c re a se s , 
n o t o n ly  extending th e  land-use a re a ,  bu t a lso  en ab lin g  a  g re a te r  
y ie ld  p e r  a rea  o f  energy  sources a lre ad y  in  use to  be o b ta in e d .^
N eedless to  sa y , th e  r e a l iz a t io n  o f  nan’s p o te n t ia l  in  c re a t in g  
and expanding various techno log ies has grown ex p o n en tia lly  in  re c e n t  
tim e s , p a r t ic u la r ly  s in ce  the In d u s t r ia l  R evolution. The fu n c tio n a l 
r e a l iz a t i o n  o f  nan’ s  c a p a b il i t ie s  in  th is  a rea  went hand in  hand 
w ith  g r e a te r  in tru s io n s  in to  th e  environment to  make i t  in  tu rn  
more fu n c tio n a l fo r  man’s needs. I t  i s  no t n ecessa ry  to  document
15
the  lo n g  h is to ry  o f  tech n o lo g ica l development. What i s  p e r t in e n t  
fo r  th e  purpose h e re  i s  the  view o f  advancing tech n o lo g ies  hand in  
hand w ith  th e  development o f need , e i t h e r  r e s u l t in g  from resource  
s c a r c i ty ,  a  c u l tu r a l  co n fig u ra tio n  which p laces  more emphasis on 
valued o b je c ts  which a re  d e s ira b le  f o r  th e  enjoyment o f  l i f e ,  o r
13C am eiro , "A Theory o f  th e  O rigin o f  th e  S ta te ."
1H
Karl W ittfo g e l, O rien ta l Despotism. (Y ale I h iv e r s i ty  
P re ss : New Haven, Conn. 1957)
15See fo r  example Lynn W hite, J r .  Medieval Technology 
and S o c ia l  Change. (Oxford l h iv e r s i t y  P ress: London. ISBTj
bo th . Technology may be viewed as th e  instrum ent whereby, in  
accordance w ith  c u l tu ra l  va lues and th e  development o f  need , energy 
i s  harnessed  from th e  environm ent to  perform  work, inc lud ing  th e  
tran sfo rm ation  o f  n a t t e r .  In  th is  se n se , technology i s  regarded 
as a  " t r ig g e r  mechanism" which functions to  re le a s e  a v a ila b le  energy. 
Not unim portant a lso  i s  t h a t  w ith developments in  technology, th e  
c h a r a c te r i s t ic s  o f  man's s o c ia l  l i f e  changes. For no t on ly  does 
techno log / have im p lica tio n s  fo r  th e  growth o f  p o p u la tio n , given 
an in c reased  food supp ly , b u t a lso  f o r  th e  c re a tio n  o f  a  s o c ia l  
o rd e r o f  n o n -a g r ic u l tu ra l is ts  and s p e c ia l i s t s .
The P opulation  Factor
I f  technology fu n c tio n s  as a  t r ig g e r  mechanism to  make what 
i s  needed and d e s ira b le  from th e  p o in t o f  view o f  c u ltu re  p o ss ib le  
e n e rg e t ic a l ly ,  the  demographic fa c to r  perhaps re p re se n ts  what i s  
p robab le  so f a r  as e v o lu tio n a ry  development i s  concerned. For in  
t h i s  a n a ly s is ,  th e  p re s su re  on su b sis ten ce  i s  an im portant v a r ia b le  
in  th e  reo rg a n iza tio n  o f  th e  s o c ia l  environm ent.
In  t h i s  connection , i t  i s  s ig n if ic a n t  th a t  r a is in g  th e  
energy le v e l ,  o r  what i s  popu larly  term ed the  "ca rry in g  capac ity "  
o f  the  environm ent, r a i s e s  th e  le v e l  o f  th e  numbers o f  people t h a t  
can l iv e  in  a  t e r r i t o r i a l  a re a . I t  i s  n o t t ru e  t h a t  population  
growth in  every  case con tinues u n t i l  i t  reaches th e  maximum le v e l  
o f  suppo rt t h a t  a  p a r t i c u la r  su b sis ten ce  system  w il l  a llow . Demo­
graph ic  change may be a  consequence o f  o th e r  fa c to r s  than  su b s is te n c e , 
i . e . , h e a l th , th e  conquest o f  groups th rough  w ar, im m igration,
low ering th e  m o rta lity  r a t e ,  e tc .  Population growth as w ell a s 
d ec lin e  may th u s  have s e v e ra l  "causes."
Numerous examples o f  p r e l i t e r a t e  s o c ie t ie s  dem onstrate t h a t  
popu lations have e x is te d  t h a t  m aintained eq u ilib riu m  in  th e  fac e  o f  
a  su b s is ten ce  system t h a t  cou ld  support growth. Rappoport, fo r  
in s ta n c e , found th a t  th e  Themibaga o f  New Guinea e x is te d  in  an 
"eo o lo g ica l equilib rium " a lthough  th e  c a rry in g  c ap a c ity  o f  th e
T_6environm ent could  have a llow ed fo r  continued p o p u la tio n  growth.
A m ajor p o in t o f  co n ten tio n  by sc h o la rs  l ik e  E s te r  Boserup 
i s  th a t  i t  i s  popu lation  d e n s ity  th a t  i s  im portan t in  any technolog­
i c a l  change in  the  su b s is ten ce  system. Boserup d is tin g u ish e s  
between land -use  su b s is ten ce  systems based on food ga thering  and 
lo n g -fa llo w  a g r ic u l tu re ,  and land-sav ing  su b s is te n c e  systems based  
on th e  g rad u a l use o f  in te n s iv e  a g ric u ltu re  w ith  sh o r t  periods o r  
no p e rio d  o f  fa llow . Food g a th e re rs  need l i t t l e  technology and 
have l i t t l e  in ce n tiv e  to  adopt o r  invent a  change in  su b s is ten ce  
p a tte rn s  so lo n g  as they  do n o t exceed th e  c a rry in g  c ap ac ity . Often 
n eg le c ted  is  th e  f a c t  t h a t  food g a th e re rs  o r  lo n g -fa llc w  a g r ic u l t ­
u r a l i s t s  have a  r e la t iv e ly  low la b o r  in p u t; th u s ,  th e re  would be 
no reason  to  adopt a  more advanced technology which re q u ire s  a  h ig h er 
lab o r in p u t. Even in  th e  ev en t o f  a  growing p o p u la tio n , h u n te rs  
and g a th e re rs  n o t n e c e s s a r i ly  a tta c h ed  to  p ro p e rty  (land ) oould 
con tinue th e  t r a d i t io n a l  su b s is ten ce  tech n o lo g ies  by m igra ting  t o  new 
1 R' Rappoport, P igs For th e  A ncestors.
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a re a s  w ithout adopting new techniques so long as the  environment sus­
ta in e d  them. Population p ressu re  due to  increased  d en sity  nay, cn th e  
o th e r  hand, fa rc e  the  adoption o f  new technologies which would increase  
th e  ca rry in g  capacity  b u t ,  s ig n i f ic a n t ly ,  lcw er th e  n e t  la b o r  p ro d u c ti-  
v i ty .17
Sanders, in  h is  s tudy  o f  the  lowland Maya a rea  and the  Guatemalan
highlands in  Meso-America, found th a t  th e re  was no s in p le  cause and
e f f e c t  r e la t io n s h ip  between a g r ic u l tu ra l  systems and popu lation  growth.
In some a re as  where population  growth p u t p ressu re  on re so u rces , th e re
was an ex tensive  r a th e r  than an in te n s iv e  use o f  land  as population
m igrated fu r th e r  in to  th e  h in te r la n d . Only when these  a reas became
g re a tly  populated  d id  in te n s iv e  a g r ic u ltu re  develop. The conclusion
Sanders makes i s  th a t  what i s  in  the l a s t  an a ly sis  r e a l ly  s ig n if ic a n t
fo r  th e  evo lu tion  o f  any c iv i l iz a t io n  i s  the  increase  in  s o c ie ta l  s iz e
18in  re la t io n  to  th e  ecology o f  th e  se ttlem en t a rea . C am eiro , in  
another study o f  the  Amazon b asin , sought an exp lanation  o f  why c iv i l ­
iz a tio n s  developed in  c e r ta in  p a r ts  o f  Meso-America bu t n o t in  o th e rs .
He suggests th a t  in  land -using  o r  hunting  and gathering  system s, popu­
la t io n  growth had a  c e n tr ifu g a l e f f e c t ,  spreading ou t t r ib e s  in  the  
basin  a rea  to  broaden th e  ca rry in g  cap ac ity  and u t i l i z in g  th e  same 
technology. On the  o th e r  hand, land -sav ing  systems u t i l i z in g
17E ste r  Boserup, "Environment, Population , and Technology 
in  P rim itiv e  S o c ie tie s"  Population and Development Review 2:1:21-36. 
1976.
"^W illiam T. Sanders, "Population , A g ric u ltu ra l H istory  and 
S o c ie ta l E volution in  Meso-America" in  Brian J .  Spooner, ed. Population 
Growth: A nthropological Im p lica tio n s . (MET P ress: Cambridge. 1972)
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in te n s iv e  a g r ic u ltu re  were found in  a reas o f  r e la t iv e ly  h ig h  popula­
t io n  d en sity  as a  r e s u l t  o f  being  circum scribed by in h o sp ita b le  
mountains o r  sea . Unable to  d isp e rse  because o f  th ese  n a tu ra l  
r e s t r i c t io n s ,  s o c ie t ie s  th a t  l iv e d  w ith in  th ese  t e r r i t o r i a l  a reas 
had no choice bu t to  use the  land  nore in te n s iv e ly . His Kuikuru 
which he s tu d ied  could have produced a  su rp lus o f  food b u t d id  n o t , 
which in d ic a te s  a  d is t in c t io n  between th e  ex istence  o f  a  tech n o lo g ica l
f e a s ib i l i t y  to  do so and an eco lo g ica l condition  which makes such
19a  surp lus an a c tu a l i ty .
Thus, population  growth i s  n o t an autom atic consequence o f
th e  a b i l i ty  to  e x p lo it  th e  environment fu r th e r  to  cap ture  more
energy. Nor i s  population  growth alone a  s u f f ic ie n t  cause fo r
th e  development o f  more in te n s iv e  land-use techniques. More l ik e ly ,
population  growth and the  development o f  technology and u ltim a te ly
c iv i l iz a t io n  a re  re c ip ro c a l;  growth may a c t  a s a  stim ulus to
development as a  r e s u l t  o f  p ressu re  on resou rces and techno log ica l
20development nay in  tu rn  allow fo r  fu r th e r  population  growth.
This d iscussion  re in fo rc e s  th e  p o in t th a t  i t  i s  the  development 
o f  need as a  r e s u l t  o f  exhausting  the  r e a l  functions o f  th e  environ­
ment th a t  generates a  deeper invasion  in to  th e  p o te n t ia l  resources 
th a t  n a tu re  o f fe rs  to  gain a  g re a te r  flow o f  a v a ila b le  energy. Popu­
la t io n  growth i s  one fa c to r  th a t  may opera te  to  c re a te  a  development
19Robert L. C am eiro , "S lash  and Bum C u ltiv a tio n  Among 
the  Kuikuru and i t s  Im p lica tions fo r  C u ltu ra l Development in  the 
Amazon Basin" in  Johannes W ilb ert, ed. The E volution o f  H o rtic u ltu ra l 
Systems. (Caracas. 1961)
20D. E. Dumond, "Population Growth and C u ltu ra l Change" 
Southwestern Journal o f  Anthropology 21:4:302-324 1965.
o f  need. This i s  a  c e n tra l  theme in  W ilk inson 's Poverty and P ro g re ss :
"The v a ria b le  which u su a lly  p lays the d ec is iv e  
ro le  in  determ ining how f a s t  a  so c ie ty  uses up 
the  resou rces which i t s  c u ltu re  depends on i s  
the  s iz e  o f  th e  popu lation  -  th e  q u a n ti ta t iv e  
dimension . .  .The s iz e  o f  th e  popu lation  a lso  
has a  q u a l i ta t iv e  in p a c t;  adap tive  s t r a te g ie s  
which a re  p r a c t ic a l  a t  one le v e l  o f  o p era tio n  
m y  be in p ra c t ic a l  a t  ano ther. L im ita tions on 
the  supply o f  reso u rces can mean t h a t  q u a n tita ­
t iv e  change n e c e s s i ta te s  q u a l i ta t iv e  change.
The 'c a r ry in g  c a p a c ity ' -  o r  popu la tion  s iz e  
which can be supported  on a  given a re a  o f  lan d  -  
i s  a  fu nc tion  o f  th e  k ind  o f  p roductive  technology 
which i s  u se d ."21
In broadening and expanding th e  e c o lo g ic a l n iche  by fin d in g  new 
energy so u rces , nan in c re a s in g ly  a c ts  upon h is  environm ent, r e s t r u c t ­
u res th e  ecosystem  o f  which he i s  a  p a r t ,  and i s  faced  w ith  th e  
n e c e s s i ty  o f  developing new tech n o lo g ie s . As W ilkinson p o in ts  o u t, 
t h i s  in v o lv es , f i r s t ,  th e  development o f  new techn iques and, secondly ,
" in c reased  an o in ts  o f  lab o r tim e and power to  produce th e  b a s ic
22p e r c a p i ta  su b s is te n c e ."  The ro le  o f  popu la tion  growth i s  th a t  
i t  i s  th e  sp u r to  gain  more energy from th e  environm ent where th e re  
i s  s c a r c i ty .  The a ttem p t to  make th e  environment more fu n c tio n a l 
to g e th e r  w ith  th e  f a c t  o f  la rg e r  d e n s i tie s  o f  p o pu la tion  l iv in g  in  
a given a re a  has consequences fo r  th e  reo rg an iza tio n  o f so c ie ty  on 
h ig h e r and h ig h er l e v e ls .  A daptation t o  the  p h y s ic a l world p lus 
ad ap ta tio n  to  a  s o c ia l  environment which i s  in c re a s in g  in  sc a le  
( in  term s o f  th e  numbers o f  people in  in te ra c t io n )  le a d  to  new 
mechanisms o f  s o c ia l  s t ru c tu re  fo r  in te g ra t in g  and o rd e rin g  human 
r e la t io n s h ip s .
21W ilkinson, Fbverty and P ro g re ss , p . 16.
2 2 - r K n H  n
The Role o f  Energy in  Evolutionary Growth and Development
Energy i s  th e  negative  entropy o f  so c ia l l i f e .  AH l iv in g  
systems in  the  h eria rch y  from c e l l s  to  human s o c ie t ie s  a re  energy- 
cap tu ring  system s. As noted by Schrodinger, l i f e  forms have the  
p e c u lia r  c h a ra c te r is t ic  o f  avoiding th e  n a tu ra l  tendency toward 
randoimess o r  en tropy . They a re  ab le  to  do th is  through an energy 
exchange w ith  th e  environment, im porting low entropy which su s ta in s  
and develops l i f e  and exporting  high entropy in  th e  form o f  waste 
and h e a t.
As one views the h is to ry  o f  the human species in  i t s  b roadest 
dimensions, one im portant f a c t  gains immediate a tte n t io n :  human
so c ie ty  has evolved q u a n tita tiv e ly  in  term s o f  an increase  in  numbers 
and q u a li ta t iv e ly  in  terms o f  an in c re as in g ly  complex so c ia l o rgani­
z a tio n . I t  i s  on ly  w ith the  understanding th a t  s o c ie t ie s ,  l ik e  
l iv in g  organism s, e x is t  as open systems th a t  one i s  ab le to  exp la in  
t l i i s  seeming co n trad ic tio n  to  th e  second law o f  thermodynamics. As 
open system s, s o c ie t ie s  evolve as a  r e s u l t  o f  the import o f  low 
en tropy . The e x tra c tio n  o f energy from th e  environment i s  pu t to  
work, so to  speak, n o t only fo r  b a s ic  su b s is ten ce , but a lso  f o r  the  
c rea tio n  and b u ild in g  up o f  s o c ia l  and p hysica l s tru c tu re s . At th e  
same tim e, so c io c u ltu ra l evo lu tion  u sua lly  involves a  decrease in  
o rgan ization  o f  th e  n a tu ra l environment. I t  i s  in  th is  sense th a t  
one may speak o f  th e  evo lu tion  o f  the  environment as w e ll;  exchanges 
o f  energy have involved an expo rt o f  h igh  entropy to  n a tu re .
Two a d d itio n a l p r in c ip le s  th a t  a re  extensions o f  the f i r s t
and second laws o f  thermodynamics he lp  to  exp la in  th e  r e la t io n s  between 
energy and th e  ev o lu tio n ary  growth and development o f  human s o c ie t ie s .  
One i s  th e  concept o f  l im itin g  f a c to r s ,  id e n t i f ie d  by Odum, which 
involves th e  f a c t  th a t  l iv in g  organisms
11 a re  c o n tro lle d  in  n a tu re  by (1) th e  q u a n tity  and 
v a r ia b i l i ty  o f  m a te ria ls  f o r  which th e re  i s  a  
minimum requirem ent and p h y sica l fa c to rs  which 
a re  c r i t i c a l  and (2) th e  l im i ts  o f to le ra n c e  o f  
th e  organisms them selves to  th ese  and o th e r  
components o f  th e  environm ent. 3
A community o f  organisms i s  dependent upon a  number o f cond itions 
which e x is t  a s  minimal requirem ents o r  l im itin g  fa c to r s  fo r  t h e i r  main­
tenance o r  t h e i r  growth and development. The maintenance o f  a  human 
popu lation  i s  c e r ta in ly  dependent upon a  minimal le v e l  o f  a v a ila b le  
energy, i . e . ,  su b s is ten c e . Minimal requirem ents fo r  s o c ie ta l  growth 
have involved a  co n tin u a l e f f o r t  to  in te n s ify  th e  production  o f  energy 
p resen t o r  a v a ila b le  in  th e  p ro sp ec tiv e  functions o f  th e  environm ent. 
This was made p o ss ib le  by new techno log ies and a  g re a te r  investm ent o f  
human la b o r . Hie r i s e  in  th e  w o rld 's  p opu la tion  a f t e r  th e  a g r ic u l tu r a l  
rev o lu tio n  when food began to  be produced and e s p e c ia lly  a f t e r  th e  
In d u s tr ia l  R evolution which rep laced  anim ate w ith  inanim ate energy 
d ram atica lly  i l l u s t r a t e  th e  growth o f  a v a ila b le  en erg ies  which made 
such growth p o s s ib le . Given th e  development o f  techno log ies in  th e  
a re a  o f  h e a l th ,  fo r  example, which nay reduce th e  death  r a te  and o th e r
fa c to rs  such a s  in -m ig ra tio n  which may a ls o  expand a  p o p u la tio n , popu­
la t io n  growth in  e i th e r  case  would n o t be p o ss ib le  w ithou t in c re a s in g
th e  food supply to  a  minimal le v e l  o f  su b s is ten c e .
2% . Odum, Fundamentals o f Ecology. p . 110.
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A second ex tension  o f  th e  laws o f  thermodynamics i s  t h a t  o f  th e
maximum power p r in c ip le  which s t a te s  th a t  " th a t  system  su rv iv es which
g e ts  most energy and uses energy most e f fe c t iv e ly  i n  com petition w ith  
9Uo th e r system s."  The view o f  s o c ie ty  as an energy -cap tu ring  system 
through th e  use o f  technology invo lves th e  id ea  th a t  th e  a p p lic a tio n  
o f  h ig h -q u a lity  energy in  human la b o r  and machines to  lo w -q u a lity  energy 
in c re a se s  th e  flew o f  energy through th e  system. They do t h i s ,  accord­
in g  to  Odum, by
"(1 ) developing s to rag es  o f  h igh  q u a li ty  energy,
(2) feed ing  back work from th e  s to rag es  to  in c rease  
in flow s, (3) re c y c lin g  m a te ria ls  as needed, (4) 
o rgan iz ing  c o n tro l mechanisms th a t  keep th e  system  
adapted and s ta b le ,  and (5) s e t t in g  up exchanges 
w ith  o th e r  systems to  supply specia l energy n e e d s ."2
When some o f  th e  energy gained from th e  environment i s  s to re d  o r 
u t i l i z e d  to  pump more energy from the  environm ent, th e re  i s  a  sym biotic 
re la t io n s h ip  between lo w -q u a lity  energy flows in to  a  system  and h igh - 
q u a li ty  energy flows fed  back v ia  tech n o lo g ica l mechanisms which pro­
duces a  f u r th e r  punping o f  energy in to  the  system. The r e s u l t  i s  a  
feedback loop which tends to  maximize energy flow through th e  system.
The r e la t io n  between d i f f e r e n t  q u a li ty  forms o f  energy may be 
seen in  th e  f a c t  -that i t  ta k e s  more c a lo r ie s  o f  s o la r  energy Clower- 
q u a li ty  energy) to  produce a  sm a lle r amount o f  c a lo r ie s  o f  concen tra­
te d  energy in  p la n t food Ca h ig h e r-q u a lity  energy). Or, to  tak e  
ano ther example, i t  ta k e s ,fo u r  c a lo r ie s  o f  coal C lo w e r-q u a lity
2^Howard T. and E lisa b e th  C. Odum, Energy B asis For Man and 
N ature. (McGrsw-Hill Bock Company: New York"! 1976) p . 39.
25Ib id . pp. 40-41 .
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energy) to  produce cne c a lo r ie  o f  e l e c t r i c i t y  (h igher q u a li ty  en erg y ). 
The p r in c ip le  involved here  i s  th a t  in  th e  p rocess o f  converting  
energy in to  more co n cen tra ted  (h ig h er q u a li ty )  form s, energy from 
lower q u a l i ty ,  l e s s  co ncen tra ted  forms i s  a ls o  degraded. The con­
v ers io n  process which r e s u l t s  in  energy forms o f  h ig h e r q u a li ty  
i s  known a s  upgrading.
H igher q u a l i ty  forms o f  energy may in te r a c t  w ith  low er q u a li ty  
forms to  produce a  g re a te r  flow o f  the  l a t t e r  from th e  environm ent. 
Thus, a  pre-modem so c ie ty  which uses some o f  the  a v a ila b le  energy 
i n  human lab o r (h ig h e r-q u a lity  energy) and technology to  b u ild  
i r r ig a t io n  works i s  feed ing  back some o f  th e  energy gained  from 
th e  environment in  terms o f  p la n t food which has been upgraded to  
in c rease  the  flow o f  p la n t food (lo w er-q u a lity  en erg y ). In  a  
modem in d u s t r ia l  so c ie ty , some o f  th e  energy gained from hydro­
e le c t r i c  p la n ts  ( lo w er-q u a lity  energy o f  w a te r fa l ls  converted  in to  
a  h ig h e r-q u a li ty  form o f  energy in  e l e c t r i c i t y ) ,  fo r  exanp le , m y  
be used to  b u ild  m ch in es  such as drag  l in e s  and b o re rs  to  r e t r ie v e  
c o a l ( lo w er-q u a lity  e n e rg y ). Figure 1 i l l u s t r a t e s  th e  re la t io n s h ip  
between energy in p u ts  from th e  environm ent, technology , a  p o p u la tio n , 
and th e  energy lo s s  due to  h e a t. In  a  s te a d y -s ta te  system  where 
energy flew  from th e  source i s  a  c o n s ta n t, th e  energy in p u t may 
re p re se n t th e  m in im i requirem ents fo r  th e  maintenance o f  a  p o p u la tio n . 
Obviously, i f  th e  flow o f  energy re q u ire d  f o r  su b s is ten ce  decreased , 
i t  would have consequences f o r  th e  support o f  a  popu la tion  o f  a  given 
s iz e .  In c re as in g  th e  energy flew s from th e  source through  an in c re a se  
in  la b o r  inpu t o r  technology would involve feedback flow s o f  h ig h e r
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FIGURE 1 
ENERGY FLOW DIAGRAM
/Technology
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Source
Figure adapted from Howard T. and E lisab e th  C. Odum, Energy 
Basis f o r  Man and N ature. (McGraw-Hill Book C o.:New York) 1976,
T his f ig u re  d ep ic ts  an energy source such a s  food which i s  
a v a ila b le  to  a  popu lation . Low q u a lity  energy (A) i s  re tr ie v e d  
from th e  environm ental source by human lab o r an d /o r technology 
which pumps th e  energy fo r  use by a population  (B).
Some o f  th e  energy (C) i s  organized a s  s to rage  and 
s tru c tu re  in  technology, i . e . ,  to o ls  and machines, and re p re ­
sen ts  energy o f a  h igher q ia l i ty .  Stored energy i s  seen flowing 
back (D) to  th e  pump which enables more energy to  flow through 
th e  system  and he transform ed in to  energy o f  a  h ig h er q u a lity .
In  th e  process o f  pumping, s to rage  and support o f  a  population  
(energy tran s fo rm a tio n ), th e re  i s  always some energy lo s t  to  
a  s in k  in  th e  farm o f waste hea t as  th e  flows a t  (F ), (G), and 
(H) in d ic a te .
In  a  s te a d y -s ta te , th e  flows a t  (A) would be c o n s tan t, and 
would rep re se n t th e  minimal requirem ents fo r  supporting a 
population  o f  a  given s iz e . As more energy i s  pumped through 
th e  system by an a p p lic a tio n  o f  h igher q u a li ty  energy, i . e . ,  
technology, th e  support le v e l o f a  population  in c reases .
O  rep resen ts  an in te ra c tio n  process o f  sev era l energy
O  flows.re p re se n ts  an  energy s to rage  whereby energy i s  s to re d  as s tru c tu re  (physical and m a te r ia l) ,  inform ation 
(technology), o r simply fu e l  bunkers.
,=sr rep re se n ts  a  h ea t sink  where energy i s  lo s t  to  entropy.
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q u a li ty  forms o f energy to  pump more lower q u a lity  forms o f  energy 
in to  tine system. In the  f ig u re , technology absorbs some o f  th e  a v a i l ­
ab le  energy from th e  source ( in  term s o f  physica l s tru c tu re s  such 
as too ls , and machines) as does a  population  which i s  then fed back 
to  produce more energy. Hunan a c t iv i ty  in  the form o f  hunan la b o r  
i s  e s s e n t ia l ly  th e  a p p lic a tio n  o f  a high q u a lity  form o f  energy to  
a  low er q u a li ty  form o f  energy which in te r a c ts  w ith  i t  and s tim u la te s  
g re a te r  production . For exanple, th e  high q u a lity  energy involved 
in  human la b o r , f e r t i l i z e r s ,  and machines app lied  to  farmland stim u­
l a t e s  the production  o f  p la n t food. This in  tu rn  has consequences 
fo r  th e  support o f  a  population  o f  in c reas in g  s iz e .
The concept o f  lim itin g  fa c to rs  and the  maximum power p r in c ip le  
r e l a te  to  the  phenomenon, as Odum, Lotka, and o th e rs  have observed, 
o f  an expansion o f  population concommitant w ith an expansion o f  th e  
q u a n tity  o f  a v a ila b le  energy and a  tendency to  maximize th e  energy 
flow  o f  low -quality  form by way o f  developing techno log ies which 
convert and u t i l i z e  energ ies o f  high q u a li ty  form.
Im p lic it  in  t h i s  i s  t h a t  the  h is to ry  o f  c iv i l iz a t io n  rep re sen ts  
a  s h i f t  from one source o f  low entropy to  an o th er, in c reas in g  th e  
y ie ld s  o f  energy which a re  re a d ily  consumed while a t  th e  same t in e  
posing  problems which must be solved in  the  way o f  developing and 
c re a tin g  new harnesses as a  r e s u l t  o f  demand. Technological advance 
which sought to  increase  -the a v a i la b i l i ty  o f  energy in  accordance‘w ith 
th e  development o f  need has a sso c ia ted  w ith  i t  innovations in  s o c ia l  
o rg an iza tio n  and so c ia l s tru c tu re  which a re  hallm arks o f  th e  ev o lu tio n ­
ary  p rocess .
Not so long ago, fo r  example, th e  prim ary source o f  energy in
p re in d u s tr ia l  England was wood fo r  h e a tin g  hones and, l a t e r ,  f o r  th e
b u ild in g  o f  m erchant s a i l in g  sh ip s . The l a t t e r  became p a r t ic u la r ly
im portant fo r  th e  development o f  tra d e  and u ltim a te ly  f o r  th e  economic
development o f  England by cap tu rin g  th e  n a tu ra l  energy flew  o f  wind.
I t  i s  no acc id en t o f  h is to ry  t h a t  th e  development o f  urban c en te rs
occu rred  most fre q u e n tly  along c o a s ta l  a reas  which o v e r a  p e rio d  o f
tim e served , a t  l e a s t  in  th e  case o f  England, as e n tre p o r ts  o f  raw
0 ftm a te r ia ls  and energy sou rces. Wood, in  any case , was re a d i ly  
a v a i la b le ,  f a i r l y  easy  to  r e t r i e v e ,  and in c re a s in g ly  se rved  a  n u l t i -  
p l i c i t y  o f  purposes fo r  EngLish so c ie ty . Only when demand began to  
exoeed the  supply  d id  coal come to  be considered  an im portan t energy 
s u b s t i tu te .  R eadily  a v a i la b le , b u t more d i f f i c u l t  t o  r e t r i e v e ,  
e s p e c ia l ly  so when mines reached depths th a t  c re a te d  problems o f  w ater 
d ra in ag e , the  re l ia n c e  on c o a l was a  response to  th e  p a r t i c u la r  
problems o f  a  sho rtage  o f  a  re so u rce . Mining was one s te p  fu r th e r  
in  e x p lo itin g  th e  p ro sp ec tiv e  functions o f  th e  environm ent by way o f  
e n la rg in g  the resou rce  base in  depth . As th e  need to  mine deeper 
became a s so c ia te d  w ith  th e  problems o f  pumping w a te r o u t o f  mines 
beyond a  c e r ta in  dep th , th e  development o f  th e  steam  engine became 
a p p lic a b le  a t  th e  beginning o f  th e  seven teen th  cen tu ry  a s  a  more 
powerful and la b o r  e f f i c ie n t  means o f  d rainage and work.
I t  seems apparent th a t  w hether one views th e  change from hun ting  
and ga th erin g  to  in te n s iv e  a g r ic u ltu re  o r  anim al husbandry, th e  change
^6C b t t r e l l ,  Energy and S o c ie ty . pp. 62-63.
from wood t o  c o a l, o r  even th e  change from th e  use o f  wool to  th e  
p roduction  o f  c o tto n , energy-resource  e x p lo ita t io n  proceeded from 
those  energy sources t h a t  were most r e a d i ly  a v a ila b le  t o  those  le s s  
so . The change from co a l to  petroleum  in  many s e c to rs  o f  Hie 
modem economy o f  many cantenponary s o c ie t ie s  i s  an in s tan c e  n o t so 
much o f  th e  s c a r c i ty  o f  ooal as i t  i s  an exanple o f  th e  development 
o f  a  need and d e s ire  fo r  a v a ila b le  energy o f  a  h ig h e r  q u a l i ty  form, 
a  form which req u ire d  g re a te r  tec h n o lo g ic a l innovation  and s o c ia l  
re -o rg a n iz a tio n  a s  evidenced, f o r  example, in  th e  need f o r  g re a te r  
c a p i ta l  investm ent.
Ttoo im portan t consequences s ta n d  ou t in  t h i s  development o f  a  
s h i f t in g  from one energy source to  an o th e r. One i s  t h a t  th e  ab so lu te  
amount o f  energy harnessed  v ia  technology in creased . As th e  develop­
ment o f  technology invo lved  more so p h is tic a te d  and b e t t e r  " t r ig g e r  
mechanisms, th e  invasion  o f  environm ental reso u rces allow ed th e  flow  
o f  a v a ila b le  energy to  in c re a se . Jevons o f f e r s  an in te r e s t in g  exanple 
o f  t h i s  w ith  re sp e c t to  th e  consumption o f  c o a l in  England. As a  
new energy sou rce , ooal came to  be depended upon more and more as a  
r e s u l t  o f  need. Consequently, th e  a ttem pts to  economize th e  use o f  
ooal through the  development o f  more e f f i c i e n t  steam  en g in es , fo r  
example, in c reased  r a th e r  than decreased  consumption:
" I t  i s  wholly a  oonfusion o f  ideas to  suppose 
th a t  th e  econom ical use o f  fu e l i s  eq u iv a len t 
to  a  dim inished consumption. The very 
c o n tra ry  i s  t r u e . . .  . I t  i s  th e  very economy 
o f  th e  use o f  coal t h a t  makes o u r in d u s try  
what i t  i s ,  and the  more we ren d e r i t  
e f f i c i e n t  and econom ical, th e  more w il l
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o u r in d u stry  th r iv e  and our works o f  
c iv i l iz a t io n  gx>w."2'
As an i l l u s t r a t i o n ,  Jevons c i te s  the reduction  o f  coal consumption to
o n e-th ird  the  amount used to  produce one ton o f  iro n  in  Scotland as a
consequence o f  more e f f ic ie n t  techn iques, only to  be followed by a te n -
fo ld  increase  in  ooal consumption o v e ra ll  between 1830 and 1863. In
e f f e c t ,  t h i s  i s  an exanple o f  th e  maximum power p r in c ip le  in  which the
ra te  o f energy flew as in p u t to  a so c ie ty  tends toward an optimum.
A second consequence i s  th a t  accompanying increased  r e a l iz a t io n  o f  
the  p rospective  functions o f  th e  environment a re  h igher and h igher 
lev e ls  o f  so c ia l o rgan ization  through a  process o f  s o c ia l  re-o rgan iza- 
t io n .  Technological innovation and/or th e  adoption o f  technologies 
to g e th e r  w ith  the need and wish to  expand th e  environm ental base pro­
duces changes o f a  so c ia l  n a tu re  as g re a te r  e f fo r ts  fo r  so c ia l cooper­
a tio n  a re  requ ired .
The e x p lo ita tio n  o f  energy-resources in  contemporary tim es rev e a ls  
th a t  the  r a te  o f energy consumption lias increased  d ram atica lly , 
p a r t ic u la r ly  since  the  In d u s tr ia l  Revolution. The use o f  the  word 
"consumption" nay be m isleading, however, s ince  the  economy o f  any 
so c ie ty  n e ith e r  c re a te s  nor consumes energy bu t ra th e r  transform s low 
entropy from the  environment in to  h igh  en tropy . Moreover, as Georgescu- 
Roegen p o in ts  o u t, th e  economic process which involves production has 
became much more " e f f ic ie n t11 a t  t h i s  transform ation  and conversion 
process in  th e  sense o f  maximizing h igh  entropy ou tpu t. By and
^ S ta n le y  W. Jevons, The Coal Q uestion. Edited by A. W. Flux, 
Third E d ition  (Augustus M. Kelley: Mew tfork. T965) pp. 140-142..
28Ib id . p. 154.
69
la rg e ,  up to  the  In d u s tr ia l  R evolution, th e  invasion o f  th e  environ­
m ental p o te n tia l  proceeded cn th e  b a s is  o f  th e  use o f  renewable 
energy sources, i . e . ,  energy flews such as s o la r  energy, wind and 
w ater, and o f  rep laceab le  stocks such as wood and m etals which a re , 
a t  l e a s t  th e o re tic a l ly ,  recy c lab le . Since the In d u s tr ia l  Revolution, 
however, th e re  has been an exponential increase  in  th e  use o f  
ir re p la c e a b le  stocks in  the  form o f  oongealed s o la r  energy, i . e . ,  
co a l and petroleum .
There are  a  number o f  reasons fo r  th is  in c re ase . I t  was 
suggested p rev iously  th a t  the development o f  need has fo rced  s o c ie t ie s  
to  change the  resource base from those which are  more e a s i ly  c o n tro l l ­
ed to  those  le s s  so. This i s  one o f  th e  c e n tra l themes o f  W ilkinson 's 
Poverty and P rogress:
"New needs sprung from the changing l i f e s ty le s  
and environment in  two ways: th e  o ld  methods 
o f  s a t is fy in g  many human needs were destroyed 
o r  rendered o b so le te , and new problems demand­
ing new so lu tio n s  arose ou t o f  the  new p a tte rn s  
o f  l iv in g . S ociety  has r e l i e d  h eav ily  on the  
economic system to  r i $ r t  t h i s  question , Man 
has had to  be encapsu lated  in c re as in g ly  in  h is  
own c re a tio n  to  rtake h is  urban in d u s tr ia l  
l i f e s ty l e  w orkable."29
Although subsistence  i s  th e  prim ary goal o f  nan, the  economy 
and th e  economic process i s  geared to  much more than  th a t .  One 
cannot f u l ly  ap p rec ia te  the  economic process in  th e  modem world 
w ithout tak in g  in to  account purposive a c t iv i ty  and the  enjoyment o f 
l i f e .  One r e s u l t  o f  th e  development o f  need in  developed, in d u s tr ia l ­
ized  s o c ie t ie s  i s  th a t  com petition f o r  resou rces has la rg e ly  been
29W ilkinson, Poverty and P rogress, p. 175.
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rep laced  by com petition  fo r  s o c ia l ly  valued goods. The emphasis 
on consumption p rov ides same evidence o f  the  su b je c tiv e  experience 
o f  need.
This can be d ram a tica lly  i l l u s t r a t e d  in  th e  . case o f  th e  U nited 
S ta te s .  I f  th e  same volune and p a tte rn s  o f  consumption h e ld  tru e  
between th e  y ears  1947 and 1973, th e  in c rease  o f  energy conversion  
t h a t  would keep paoe w ith  popu la tion  in c rease  from 144 m illio n  to  
210 m illio n  people would be approxim ately .56 b i l l i o n  to n s o f  ooal 
e q u iv a le n t energy. But the  in c re ase  was a c tu a l ly  1 .34 b i l l i o n  ta n s  
o f  co a l e q u iv a le n t, r e f le c t in g  th e  f a c t  th a t  .78 b i l l io n  te n s  o f  
c o a l eq u iv a len t were used p rim a rily  fo r  in creased  consumption and 
a f f lu e n c e .^
A second reascn  fo r  th e  in c rease  in  energy conversion world­
wide i s  t h a t  th e  demographic explosion  which occu rred  in  th e  
in d u s t r ia l iz e d  n a tio n s  o f  th e  world and which i s  con tinu ing  in  
th e  developing n a tio n s  i s  re q u ir in g  h ig h e r  in p u ts  o f  a v a ila b le  energy 
in  th e  form o f  food and fu e l  f o r  b a s ic  su b s is te n c e , n o t to  mention 
th e  r i s in g  e x p ec ta tio n s  f o r  e n te r in g  th e  consumptive w orld . In  
f a c t ,  p o p u la tio n  growth in  genera l has outpaced th e  energy o u tp u t 
o f  n a tu ra l  rep ro d u c ib le  flows and stocks and has in c re a s in g ly  r e l i e d  
upon energy su b s id ie s , p a r t ic u la r ly  th e  f o s s i l  fu e ls .
A th i r d  reason  fo r  th e  exponen tia l in c re a se  in  th e  oonversicn 
o f  energy has to  do w ith  th e  concept o f  e f f ic ie n c y . In  p h y s ic s ,
^ K e y f i tz ,  "World Resources and th e  World Middle C lass" p . 31.
31h . Odum, Environment, Power, and S o c ie ty , p . 124.
t h i s  ooncept i s  expressed as th e  r a t io  o f  a  tem perature d i f f e r e n t ia l  
to  tiie  i n i t i a l  tem perature in  a  h e a t engine, o r  expressed mathemati­
c a l ly  a s:
E = T -  T2/
where i s  th e  i n i t i a l  tem perature , T2 i s  th e  f in a l  te n p e ra tu re ,
and E i s  th e  e f f ic ie n c y . Another way o f  s ta t in g  e ff ic ie n c y  i s  to
say t h a t  i t  i s  th e  r a t i o  o f  th e  u se fu l energy o r  work th a t  i s  gained
^9(outpu t) to  the  energy th a t  i s  ap p lied  to  achieve th e  gain ( in p u t) .
The process in  developing techno log ies involves a  r e s tru c tu r in g  o f  
the  ecosystem to  achieve a  g re a te r  energy ga in . Yet a t  each stage 
o f  th e  process o f  e x p lo ita t io n , more and more o f  th e  harnessing  pro­
cess becomes in c re a s in g ly  complex, invo lv ing  a  g re a te r  d ra in  on 
manpower and h ig h -q u a lity  energy to  re le a se  energy o f  low -quality  
forms in  g re a te r  a n o in ts . S ta ted  d i f f e r e n t ly ,  development o f  
e x p lo ita t iv e  mechanisms i s  accompanied by a  process in  which i t  
takes more and more energy to  provide energy. The sw itch  from s a i l  
to  steam t r a v e l ,  the  c re a tio n  o f  a  mechanized a g r ic u ltu re ,  the  
re lia n c e  on ooal and o i l  r a th e r  than  wood, and a  host o f  o th e r  changes 
in  th e  forms o f  energy conversion dem onstrates the  achievement o f  
g re a t gains a t  each stage  o f  innovation , b u t u ltim a te ly  g re a te r  n e t 
c o s ts .
There i s  an in te re s t in g  r e l a t io n , fo r  exanple, between lab o r 
e ff ic ie n c y  and thermodynamic e ff ic ie n c y  w ith re sp ec t to  modem a g r i ­
c u ltu re . To use one i l l u s t r a t i o n ,  th a t  o f  com  production in  th e
32S te in h a rt, Energy: Sources, Use and Role in  Human 
A ffa irs , pp. 49-50.
U nited S ta te s ,  com  y ie ld s  in c reased  approxLrrately two hundred and
fo r ty  p e rc en t from 1945 to  1970, w hile  la b o r  in p u t declined  more than
33s ix ty  p e rc en t during  th e  same p erio d . This r e f l e c t s  th e  o v e ra ll  
tendency in  modem in d u s t r ia l iz a t io n  p e r se o f  th e  increase  o f  labor 
e f f ic ie n c y  by in c re a s in g  th e  y ie ld  p e r  a c re . This was la rg e ly  due to  
an in c re a se  in  energy su b s id ie s , i . e . ,  f e r t i l i z e r s ,  i r r ig a t i o n , machin­
e ry , d ry in g , p e s t ic id e s ,  h e rb ic id e s , and t ra n s p o r ta tio n . By measuring 
com  production  in p u ts  and ou tpu ts  in  terms o f  k i lo c a lo r ie s ,  however, 
one d iscovers th a t  the y ie ld  o f  com  c a lo r ie s  decreased  from 3.7 k c a l.
p e r  cne fu e l  k c a l. in p u t to  a  y ie ld  o f  2 .8  k c a l. p e r  one fu e l  k c a l.
34in p u t between 1954 and 1970. Table 1 i l l u s t r a t e s  the  energy in p u ts  
to  com  production  from a l l  sources compared to  th e  com  y ie ld s  between 
1945 and 1970.
S im ila r evidence o f  th e  degree o f  thermodynamic in e ff ic ie n c y  i s
found in  Brawn's a n a ly s is  o f  food p roduction  d i f f e r e n t ia l s  in  th e  s ix
major c o n tin en ta l a r e a s . Whereas North America has th e  g r e a te s t  number
o f  c u lt iv a te d  acres  p e r person , th e  a c tu a l  c a lo r ie  y ie ld  p e r  ac re  i s
f a r  behind th a t  o f  Europe and even E aste rn  A sia where th e  per acre
c a lo r ie  y ie ld  i s  over two tim es g re a te r .  C lea rly , s ta te s  Brown,
.th e  p e r c a p i ta  c a lo r ie  in tak e  and th e  h igh  
animal p ro te in  in ta k e  in  North America r e s u l t  
f a r  more from low popu lation  d en sity  than  from 
h igh  crop y ie ld s .  Conversely, the  low le v e ls  
o f  n u t r i t io n  in  A sia r e s u l t  f a r  more from high 
popu lation  d e n s i t ie s  than  from low crop y ie ld s ."
33P im ental, e t  a l ,  "Food Production and th e  Energy C ris is "
p . 445.
3i| Ib id . p . 446.
oc
Brown, The Challenge o f  Man's Fu ture , p . 116,
TABLE 1
ENERGY INPUTS (KILOCALORIES) IN COM PRODUCTION 
IN THE UNITED STATES PER ACRE 
1940-1970
Input IW 5 1953 1354 1953 1354 I 970
Labor* 12,500 9,800 9,300 7,600 6,000 4,900
Nkchinery 180,000 250,000 300,000 350,000 420,000 420,000
Gasoline 543,400 615,800 688,300 724,500 760,700 797,000
Nitrogens 58,800 126,000 2 2 6 ,8 0 0 344,400 487,200 940,800
Phosphorus 1 0 ,6 0 0 1 5 ,2 0 0 1 8 ,2 0 0 24,300 27,400 47,100
Potassium 5,200 10,500 50,400 60,400 68,000 68,000
Seeds fo r  P lan ting .34,000 40,400 18,900 36,500 30,400 6 3 ,0 0 0
I r r ig a t io n 19,000 2 3 ,0 0 0 2 7 ,0 0 0 31,000 34,000 34,000
In se c tic id e s 0 1,100 3,300 7,700 11,000 11,000
H erbicides 0 600 1,100 2,800 4,200 11,000
Drying 10,000 30,000 60,000 100,000 120,000 120,000
E le c t r ic i ty 32,000 54,000 100,000 140,000 203,000 3 1 0 ,0 0 0
T ransportation 20,000 3 0 ,0 0 0 4 5 ,0 0 0 60,000 70,000 70,000
T otal Inputs 925,500 1,206,400 1,548,300 1,889,200 2,241,900 2,896,800
Com Y ield  3,427,200 3,830,400 4,132,800 5,443,200 6,854,400 8,164,800
Kcal re tu rn  3-70 3.18 2.67 2.88 3.06 2.82
Per Input Kcal
Source: D. P im ental, e t  a l ,  "Food Production and the  Energy C ris is"  
Science 182:443-449 1973. p . 445.
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I t  i s  in te r e s t in g  to  no te  th a t  in  North America where mechanized 
a g r ic u ltu re  has allow ed cne farm er to  feed  f i f t y  people in  1970 
t h a t  th e  energy y ie ld  p e r  ac re  i s  n o t very im pressive accord ing  
to  th e se  k in d s o f  d a ta .
A f u r th e r  i l l u s t r a t i o n  o f  th e  r e la tio n s h ip  between food product­
ion  and energy in p u ts  in  modernized a g r ic u ltu re  i s  given by S te ir ih a rt, 
using  th e  United S ta te s  as an example again . Figure 2 i l l u s t r a t e s  
schem atica lly  th e  energy in p u t to  th e  food system in  American a g r i ­
c u ltu re  between 1940 and 1970 compared to  th e  food energy consumed 
w hile  F igure 3 shows th e  r e la t io n  between energy in p u t and th e  
decrease in  la b o r  tim e in  farm  work.
These exanples p o in t to  th e  f a c t  t h a t  th e  d e s ire  an d /o r need 
to  in c rease  y ie ld s  in  th e  a g r ic u l tu r a l  s e c to r  has been accompanied 
by a  ra d ic a l  in crease  in  th e  use o f  energy su b s id ie s . The y ie ld  
o f  modem hybrids such as com  i s  extrem ely dependent upon th e  use 
o f  p e s t ic id e s ,  h e rb ic id e s , a r t i f i c i a l  f e r t i l i z e r s ,  n o t to  mention 
th e  tise o f  t r a c to r s  and d ry ing  p ro cesses , a l l  o f  which use f o s s i l  
fu e ls .  Improvement in  q u a n tity  has been a t ta in e d  cn ly  a t  th e  expense 
o f  a  s h i f t  from low entropy s o la r  flows (a  low -quality  form o f  energy) 
to  low entropy ir re p la c e a b le  sto ck s (h ig h -q u a lity  forms o f  energy). 
Odum s ta te s :
"In  a  r e a l  way, th e  energy f o r  p o ta to e s , b e e f , 
and p la n t  produce o f  in te n s iv e  a g r ic u ltu re  i s  
coming in  la rg e  p a r t  from ih e  f o s s i l  fu e ls  
r a th e r  than  from th e  sun . Many persons b e liev e  
t h a t  g re a t p rogress in  a g r ic u ltu re ,  fo r  exanple, 
i s  due to  man's in g en u ity  in  making new g en e tic  
v a r ie t ie s  a lo n e , whereas th e  use o f  such v a r ie t ie s  
i s  p re d ic a te d  on th e  enormous pumping o f
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FIGURE 2
ENERGY USE IN THE FOOD SYSTEM COMPARED TO CALORIC 
INTAKE OF FOOD OONSUMED IN THE UNITED STATES 
1940 -  1970
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Source: Carol E. and John S. S te irih a rt, Energy: Sources, Use
and Role in  Hunan A ffa ir s . (Duxbury P ress: North 
S c itua te ','M ass. 1974) p . 76.
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FIGUEE 3
LABOR USE ON FAMS AS A RJNCITQN OF ENERGY USE 
IN THE POOD SYSTEM .IN THE INITED STATES 
1920 -  1970
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Source: Carol E. and John S. S te irih a rt, Energy: Sources, 
Use, and Role in  Human A ffa ir s . (DuxSury Press: 
N orth S c itu a te , Mass. 19775 p . 78.
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Figure 4 i l l u s t r a t e s  energy flows in  a g r ic u ltu ra l  production
in  two types o f  s o c ie t ie s .  Energy flows in  pre-modem s o c ie t ie s
in d ic a te  th a t  th e  farmer and h is  farm more o r  le s s  e x is t  in  sym biotic
re la tio n sh ip  w ith  th e  n a tu ra l  environment w ith  l i t t l e  o r  no su rp lus
y ie ld  beyond th a t  needed fo r  h is  su b sis ten ce . In modem a g r ic u ltu re ,
however, th e  y ie ld  beyond th a t  requ ired  fo r  h is  own subsis tence  i s
la rg e , but i s  ob tained  la rg e ly  by the  use o f  energy su b s id ies  which
which a re  an a p p lica tio n  o f  h igh  q u a li ty  energy to  induce g re a te r
flows o f  low q u a lity  energy th a t  e x is ts  in  th e  form o f  p la n t food.
Mechanized a g r ic u ltu re  i s  n o t only thermodynamically in e f f ic ie n t ,
b u t rep re se n ts  an u nstab le  ecosystem as w e ll. As Rappoport and
M argalef have po in ted  o u t, th e  lade  o f  e co lo g ic a l complexity which
ch a rac te rize s  modern a g ric u ltu re  as a "monoculture” r e s u l ts  in  a
dim inished cap ac ity  and c a p a b ility  fo r  p la n t m a te ria l to  surv ive
37under u n stab le  and changing environm ental cond itions.
The in d u s tr ia l  s e c to r  o f  contemporary s o c ie t ie s  i s  likew ise  
ch arac te rized  by enormous inpu ts  o f  energy from various sources o f  
low entropy. Consumption in  in d u s tr ia l  s o c ie t ie s ,  s ta te s  Cook,
" is  p rim arily  a t  th e  expense o f  'c a p i t a l ' 
r a th e r  than ' income, 1 th a t  i s ,  a t  th e  
expense o f  s o la r  energy s to red  in  c o a l, 
o i l  and n a tu ra l gas r a th e r  than  o f  s o la r  
r a d ia t io n , w ater, wind, and m uscle ."38
Howard T. Odum, "The Marine Systems o f  Texas" in  T. A.
Olson and F. J .  Burgess, eds. P o llu tio n  and Marine Ecology. (John 
Wiley and Sons, In c .:  New York" 1567) p . l*+5.
37Rappoport, "The Flow o f  Energy in  An A g ricu ltu ra l Society ."  
and M argalef, "On C ertain  Unifying P rin c ip le s  in  Ecology."
38Cook, "The flow o f  Energy in  An In d u s tr ia l  S oc ie ty ."  p . 135.
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Using th e  U nited S ta te s  a fp in  a s  an exanple, th e re  was a  gross
consumption o f  64.6 x  1015 BTU's o f  which i t  i s  e s tim ated  32.8 x 1015
15was gained f o r  u se fu l work, w hile  31.8 x 10 BTU’s rep resen ted
lo ss  to  a  s in k  in  th e  form o f  waste h e a t . "  The o v e ra l l  thermodynamic
e ff ic ie n c y  comes c lo se  to  th e  f i f t y  p e rc en t th a t  ob se rv ers  such as
40Odum suggest i s  th e  maximum e ff ic ie n c y  p o ss ib le .
The energy flows dep ic ted  in  Figure 5 in d ic a te  in  s in p le  form 
th e  interdependence o f  energy u se rs  in  th e  in d u s t r ia l  s e c to r  o f an 
economy. O bviously, i n d u s t r ia l  production  re q u ire s  v a s t  amounts 
o f  a v a ila b le  energy from various sources in  c re a tin g  p ro d u c ts , b u t 
in  th e  process i t s e l f ,  in c re a s in g  amounts o f  energy a re  a lso  l o s t  
as a  r e s u l t  o f  deg radation .
The in c re a s in g  e f f o r t s  o f  the  uth i r d  world" to  in d u s t r ia l iz e  
re p re se n ts  a  more dram atic impingement on th e  a v a i la b i l i ty  o f  energy 
in  th e  long ru n . The demographic exp losion  due in  la rg a  p a rt to  th e  
low ering  o f  th e  death  r a te  has b a re ly  allowed energy t r a n s  form ation 
and, u ltim a te ly  in d u s t r ia l  p roduction , to  keep pace w ith  population  
growth i f  indeed i t  h a s . Should th e  " th i r d  world" e n te r  the  consump­
t iv e  "middle c la s s "  th e  r a te  o f  energy conversion and th e  increased  
in e f f ic ie n c y  because o f  th e  s c a le  and manner o f  environm ental e x p lo i ta ­
t io n  would c re a te  a  se rio u s  challenge to  a v a ila b le  energy in  th e  
immediate fu tu re .
The m ajor p o in t o f  t h i s  d iscu ssio n  i s  th a t  the  exponen tia l
" i b i d .  p . 136.
Odum, Environment, Power, and S o c ie ty .
FIGURE 5
ENERGY FLOWS IN INDUSTRIAL PRODUCTION
Energy
Source
This s im p lif ie d  diagram i l l u s t r a t e s  th e  re la t io n s h ip  
between two in d u s tr ie s  (C) and CD).
In r e a l i t y  th e  Energy Source may be se v e ra l sources o f  
energy . Energy flows a re  d ire c te d  to  an in te ra c t io n  p rocess 
(A) and (B) where h ig h e r q u a li ty  energy from (C) and (D) 
in te r a c t s  w ith  i t  to  produce h ig h e r q u a li ty  energy flow s. 
Note t h a t  th e  ou tpu t o f  each in d u s try  i s  req u ire d  by th e  
o th e r ,  rep re se n te d  by feedback loops o f  energy a s  an 
in te rdependen t and s e l f - r e g u la t in g  p ro cess . Ih e  in te ra c t io n  
p rocess a t  (A) and (B) s tim u la te s  flow s o f  low er q u a li ty  
energy from th e  sou rce , upgrading i t  in  th e  p ro cess .
To i l l u s t r a t e ,  th e  energy source may re p re se n t f o s s i l  
f u e ls  which goes in  the  form o f  coal to  s t e e l  p roduction  
a t  (C) and in  th e  form o f  petroleum  fo r  -the p roduction  -of 
e l e c t r i c i t y  a t  CD). The p roduction  o f  s t e e l  in  f u r th e r  
u t i l i z e d  f o r  th e  b u ild in g  o f  nach ines( g e n e ra to rs , p re s se s , 
e t c . )  which a re  te c h n o lo g ic a lly  implemented a t  (A) and (B). 
The p roduction  o f  e l e c t r i c a l  power i s  f u r th e r  u t i l i z e d  fo r  
neking  s t e e l  and coke a s  w e ll a s  w ires and nachines vh ich  
a re  a ls o  te c h n o lo g ic a lly  implemented a t  (A) and (B).
in c rease  o f  energy conversion in  modem tim es has r e s u l te d  from th e  
development o f  need and th e  demand fo r  c e r ta in  l i f e  s ty le s  in  p a ra l le l ,  
w ith  an in c re as in g  invasion  o f  th e  environment by new techno log ies 
to  ga in  h ig h e r q u a li ty  forms o f  energy and, in  g e n e ra l, t o  gain  more 
access to  a v a ila b le  energy by re p la c in g  animate w ith  inanim ate forms. 
The concept o f  e f f ic ie n c y  dem onstrates t h a t  although w ith  modem 
technology -there has been a dram atic  gain in  th e  a b so lu te  amount o f  
energy harnessed , th e re  has a lso  been a  tremendous lo s s  due to  waste 
and h e a t . In  the  f i n a l  a n a ly s is ,  what i s  s ig n if ic a n t  i s  n o t the  
ab so lu te  amount o f  energy harnessed , bu t th e  n e t  ga in . T ie concept 
o f  thermodynamic e ff ic ie n c y  i s  r e a l ly  a  concept o f  work gained as 
a  r e s u l t  o f  low en tropy . Technical l y , a  h igh  grade o re  i s  b e t t e r  
than a  lcw -grade o re , n o t because th e  form er has a  h i t t e r  energy 
c o n te n t, b u t because i t  has a  low er entropy co n ten t. Modam 
s o c ie t ie s  and th e  development o f m odernization seems to  be in te n t  on 
s u b s t i tu t in g  lab o r e f f ic ie n c y  f o r  thermo dynamic e ff ic ie n c y  although 
even th e  ex is ten ce  o f  la b o r  e f f ic ie n c y  nay be q u es tio n ed .1^
I t  would seem t h a t  th e  p rev ious d iscu ssio n  i s  la rg e ly  concerned 
w ith economics p e r  se and th e re  c e r ta in ly  would be n o th in g  new in  
say ing  th a t  in c re a s in g  a g r ic u l tu r a l  and in d u s t r ia l  p roduction  re q u ire s
h i
R. S. B erry , e t  a l .  "A Thermodynamic V aluation  o f  Resource 
Use" in  M. S. M acrakis, ed. Energy: Demand, C onservation , and 
I n s t i tu t io n a l  Problems. (MIT P re ss : Cambridge. i974) p . 5bb.
42When th e  t o t a l  la b o r  in p u t i s  considered  in  th e  product­
ion  and p rocess ing  and d is t r ib u t io n  o f  a  f in ish e d  p ro d u c t, th e  p ic tu re  
nay change considerab ly . For exanp le , i t  i s  n o t ju s t  one farm er who 
feeds f i f t y  people in  o u r so c ie ty  today , b u t many o th e r  la b o re rs  in  
a d d itio n  who a re  invo lved  in  th e  food p rocessing  and d is t r ib u t io n  
in d u s try  befo re  th e  p roduct i s  in  th e  hands o f  th e  consumer.
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more energy. As w i l l  be seen in  subsequent d isc u ss io n s , economics 
i s  a  s ig n i f ic a n t  fa c to r  in  th e  c o n s id e ra tio n  o f  energy conversion.
But economics h as  b a s ic a lly  to  do w ith  th e  p roduction  and d is t r ib u t io n  
o f  valued o b je c ts  and from th a t  p o in t  o f  view energy conversion i s  
sim ply energy conversion. Up u n t i l  r e c e n tly , most economists d id  
n o t take  in to  considera tion  th e  production  o f  energy in  f ig u rin g  
c o s ts ;  by and la rg e  i t  was considered  e x te rn a l to  th e  economic 
p rocess i t s e l f .  Only when energy c o s ts  a re  taken  in to  account, o r  
what i s  termed " in te rn a l iz in g  th e  e x te r n a l i t ie s "  does th e  p e rsp e c tiv e  
o f  th e  economic process change. For when cne ta k e s  in to  co n sid e ra tio n  
energy flews in  th e  production and d is tr ib u t io n  p ro c e ss , th e  p e rs p e c t­
iv e  becomes a  thermodynamic one. I t  i s  thermodynamic p o te n t ia l  and 
e f f ic ie n c y  which w i l l ,  in  th e  f i n a l  a n a ly s is , determ ine the  n a tu re  
and p o te n t ia l  o f  th e  economy. This i s  what Berry i s  g e ttin g  a t  when 
he s ta te s :
" I t  i s  n o t a cc id e n ta l t h a t  the p a r a l le l  between 
economic an a ly sis  and thermodynamic an a ly s is  
con tinues to  appear. L et us t r y  to  id e n tify  
th e  e s s e n t ia l  d if fe re n c e  between th e  two.
Economic an a ly sis  i s  a sso c ia te d  w ith  a  s e t  o f 
va lues based cn sh o rta g e , as pe rce ived  by -the 
p a r t ic ip a n ts  in  th e  m arket p lace . The percep tion  
o f  sho rtage  i s  i t s e l f  a  re o o g ii tio n  o f  supply 
and demand fo r  th e  p re s e n t  in s ta n t  and fo r  
some tim e in  th e  fu tu re .  Thermodynamic an a ly sis  
i s  th e  way to  measure th e  abso lu te  supply o f  th e  . 
on ly  commodity o f  which th e re  i s  a  t ru e  shortage 
when one considers an a r b i t r a r i l y  long  tim e 
s c a le  in to  th e  f u tu r e ,  th e  thermodynamic p o te n tia l .
So len g  as m atter i s  conserved w ith in  th e  reg ion  
we in h a b it ,  th e re  i s  n o  r e a l  sho rtage  o f  any 
substance; th e re  can o n ly  be a  sho rtage  o f  the  
thermodynamic p o te n t ia l  to  do th e  work req u ired  
to  reco v er th e  s u b s ta n c e .. .For th e  u l t i n a te  
long-range p lan n e r, economic and thermodynamic
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analyses are eq u iv a le n t."
In  sum, th re e  fa c to rs  involved in  th e  evo lu tionary  growth and 
development o f  human s o c ie tie s  have been discussed  so fa r .  Technology, 
th e  a p p lica tio n  o f  knowledge to  p ra c t ic a l  purposes, involves th e  
c re a tio n  and use o f  exo somatic instrum ents which g ives man a  g re a te r  
leverage in  adap ting  th e  environment to  h im se lf. As a  r e s u l t  o f  
th e  development o f need, g re a te r  in tru s io n s  in to  natu re  take  p lace  
in  o rd e r to  expand th e  re a l iz a t io n  o f  energy-resources which can be 
harnessed to  perform  work. Developing tech n o lo g ies , th e re fo re , 
" tr ig g e r"  th e  re le a se  o f  a v a ila b le  energy which i s  u se fu l to  man 
and so c ie ty .
The r a is in g  o f  th e  "ca rry in g  capacity" o f  an environment by a  
g re a te r  a v a i la b i l i ty  o f  energy nay, b u t n o t n e c e s sa r ily , be re f le c te d  
in  a r i s e  in  popu la tion . On th e  o th er hand, when population does 
expand to  the  p o in t where population  d en sity  causes a  p ressu re  an 
subsis tence  and reso u rces, a need develops to  increase  the  flows o f  
a v a ila b le  energy from the environm ent. The need and search fo r  new 
sources o f  lew entropy involves innovations e i th e r  in  the  e x p lo ita tio n  
o f new areas  o f  th e  environment o r  in  th e  a ttem pt to  c lose  th e  s ie v e s , 
so to  speak, to  e lim in a te  waste and produce energy more e f f ic ie n t ly .  
E ith e r  case involves a  spur to  th e  c re a tio n  o f  new technologies which 
can provide a  g re a te r  base o f  environm ental support.
The ro le  o f  energy, th en , i s  a  necessary  b u t r o t  s u f f ic ie n t  
condition  fo r  evo lu tionary  development. Any given le v e l  o f  soc io -
h 3
R. S. B erry , "Recycling, Thermodynamics, and Environmental 
T h rif t"  B u lle tin  o f  th e  Atomic S c ie n tis ts  28: 1972, p. 9.
c u ltu ra l  development, however, can only be a t ta in e d  when cond itions make 
such development e n e rg e tic a lly  p o ss ib le . In  e f f e c t ,  th e  concept o f  
l im it in g  fa c to rs  i l l u s t r a t e s  t h a t  a v a ila b le  energy i s , among o th e r  
f a c to r s ,  a  minimal requirem ent fo r  th e  maintenance o f  a  g iven  popula­
t io n  o r  fo r  i t s  fu r th e r  growth, inc lu d in g  i t s  s o c io c u ltu ra l  development. 
E volu tion  a ls o  seems to  involve a phenomena in  which th e  r a t e  o f  energy 
flow i s  optim ized according  to  th e  maximum power p r in c ip le . Im p lic it  
in  th i s  i s  tJie ro le  o f  technology which transform s energy in to  energy 
forms o f  h ig h e r co n cen tra tio n  which may then  be a p p lied  v ia  a  feedback 
mechanism to  sp u r f u r th e r  energy production  from the  environm ent.
Human s o c ie t ie s ,  l ik e  eco lo g ic a l communities, a re  viewed as open 
system s, im porting energy o r  low en tropy  from n a tu re  and exporting  
h igh  en tropy  back to  i t .  Hie im port o f  low en tropy , u t i l i z i n g  th e  laws 
o f  thermodynamics, r e s u l t s  in  th e  c re a tio n  o f  h igher forms o f  o rd e r  in  
term s o f  th e  s t r u c tu r a l  development o f  human so c ie ty . A ssociated  w ith  
resou rce  s c a rc i ty  and th e  spur fo r th e  c re a tio n  o f  new tec h n o lo g ie s , 
s o c ie t ie s  involve them selves in  a reo rg a n iza tio n  o f  s o c ia l  re la t io n s h ip s  
and goals in  o rd e r to  adap t th e  environment more and more to  i t s  needs. 
As in  eo o lo g ica l communities, p rocesses o f  growth and development in  
human s o c ie t ie s  involve a  developing d if f e r e n t ia t io n  o f  s t r u c tu r e ,  an 
in c re a s in g  com plexity evidenced by in terdependence, and an accum ulation 
o f  in fo rm ation  which give them an in c re a s in g ly  sy stem atic  c h a ra c te r .
The c o r re la te s  o f  an in c re a s in g  s t r u c tu r a l  and c u l tu r a l  development 
a sso c ia te d  w ith  th e  h a rn e ss in g  o f  g re a te r  q u a n ti t ie s  o f  a v a ila b le  energy 
w i l l  be developed in  "the n ex t .chapter.
CHAPTER FOUR 
ENERGY AND THE DEVELOPMENT OF STRUCTURE
Any e f f o r t  to  study  growth and development w ith  re sp e c t to  
any phenomenon p u rp o rts  to  show th a t  change has taken  p lace  between 
two p o in ts  in  tim e. Not a d v e n titio u s  o r  random change, bu t change 
th a t  dem onstrates some o rd e r  o r  p a tte rn  to  i t  and t h a t  i s  i r r e v e r s i ­
b le .  T his assumes, o f  co u rse , t h a t  change i s  cum ulative , t h a t  i t  
has d i r e c t io n ,  and th a t  i t  can somehow be measured. The purpose 
c f  t h i s  ch ap ter i s  to  analyze the  s o c ia l  s t r u c tu r a l  and c u l tu r a l  
dimensions o f  change in  the  ev o lu tio n  o f  s o c ie t ie s .  The n a tio n  o f  
growth h as  been r e f e r r e d  to  in  term s o f  a  q u a n ti ta t iv e  in c rease  in  
p o p u la tio n , a  fa c t  in  so c io c u ltu ra l  evo lu tio n  t h a t  needs no e la b o ra te  
comment h e re . S u ffice  i t  t o  say th a t  increases in  a v a ila b le  energy 
p r im a rily  in  the  form o f  su b s is te n c e , have made p o p u la tio n  growth 
e n e rg e t ic a l ly  p o ss ib le  to  which th e  contemporary popu la tion  exp losion  
bears w itn e ss . H ere, however, th e  concern i s  w ith  development, the  
e la b o ra tio n  of re la t io n s h ip s  among th in g s  whereby such re la tio n s h ip s  
r e s t  upon more e la b o ra te  and complex in te rdependencies and which 
g ives a  s o c ia l  environm ent an in c re a s in g ly  sy stem atic  c h a ra c te r .
In  the  d iscu ssio n  to  fo llo w , ev o lu tio n ary  change i s  viewed in  terms 
o f  th re e  p rocesses which a re  p a r a l le l  t o ,  bu t n o t s t r i c t l y  analogous 
w ith , th e  p rocess o f  succession  in  ecosystem s d iscussed  b r ie f ly  in  
ch ap te r two. The prim ary s ig n if ic a n c e  o f  an in c re a s in g  s o c ia l  d i f f e r ­
e n t ia t io n ,  com plexity and in terdependence, and in fo rm ation  accum ulation 
i s  in  term s o f  th e  in c re a s in g  o rd e r  and syste im ess t h a t  i s  a sso c ia ted
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w ith the  harnessing  o f  in c reas in g  amounts o f  a v a ila b le  energy, lb
put i t  o therw ise , th e  course and d ire c tio n  o f  evo lu tionary  change
1in  human s o c ie t ie s  i s  narked by a  decreasing so c ia l entropy. The 
development o f  s tru c tu re  rep re sen ts  some s o r t  o f  paradigm which a t  
th is  p o in t can only  be measured in  terms o f  some ty p o lo g ica l co n stru c t­
ion whereas in  th e  case o f  b io lo g ic a l ev o lu tio n , measurement o f
2change i s  e s s e n t ia l ly  in  terms o f  a  s t a t i s t i c a l  co n stru c tio n .
Even before Darwin's theory  o f  the o r ig in  and evo lu tion  o f  the
sp e c ie s , h is to r ia n s ,  philosophers and so c ia l th in k e rs  conceptualized
an understanding o f  th e  purpose and d ire c tio n  o f  c u ltu ra l  and so c ia l
change in  evo lu tionary  term s. Before and a f t e r  Darwin, re f le c tio n s
on s o c ie ta l  evo lu tion  evidence some b a s ic  themes. Thus, an evolve-
ment o f  so c ia l  d i f f e r e n t ia t io n ,  increas ing  interdependence among
s p e c ia l i s t s ,  u rb an iza tio n , and an increasing  ra t io n a l iz a tio n  opera ting
in  and through s o c ia l  re la tio n sh ip s  repeated ly  appear as c e n tra l
changes in  th e  h i s to r ic a l  p rocess, e sp e c ia lly  in  tine w ritin g s  o f
a n th ro p o lo g is ts  and so c io lo g is ts .
H erbert Spencer, fo r  example, the  f i r s t  proponent o f  organism ic
theory  in  s o c ie ta l  ev o lu tio n , reoogpized a growing so c ie ty  as a  system,
e v en tu a lly  d i f f e r e n t ia t in g  i t s  p a r ts  and r e s t in g  upcn th e  in terdepend-
3
ence o f  i t s  p a rts  as the  basis  fo r  s o c ia l o rd e r . Perhaps Durkheim's
1
For use o f  the  term  s o c ia l  entropy, see Robert A. N isbet,
The Social Bond. (A lfred  A. Knopf: New York. 1970) Chapter 10.
2
Robert A. N isb e t, Social Change and H is to ry . (Oxford 
U niversity  P re s s : New York. 1969) Chapter 5.
3
H erbert Spencer, The Evolution o f  S o c ie ty . Ed. by Robert 
C am eiro (U n iversity  o f  Chicago P ress: Chicago. 1967)
most valuable c o n trib u tio n  to  evo lu tionary  theory  was h is  dep iction  
o f  pre-modem s o c ie t ie s  as a  system o f  uniform , u n d iffe ren tia te d  
p a r ts  h e ld  to g e th e r  by a  conmon m ind-set, the  c o lle c tiv e  conscience, 
which ev en tu a lly  changes to  a  d if f e re n t ia te d  system, re f le c te d  in  
the d iv is io n  o f  lab o r, whereby so c ia l s o l id a r i ty  i s  based p rim arily  
on th e  need fo r  the  c o n trib u tio n s  o f  o th e r  sp e c ia liz e d  u n its  which
ii
cannot be self-augm ented.
C hilde’s an a ly s is  o f  the  urban rev o lu tio n , ch a rac te rize d  by
permanent se ttlem en t in  dense aggregations i s  a sso c ia ted  w ith  the
appearance o f  n o n -a g r ic u ltu ra l is ts  engaging in  sp e c ia liz e d  a c t iv i t i e s
and a ru l in g  e l i t e  which ad m in iste rs , coo rd ina tes, and provides
p ro tec tio n  in  exchange fo r  t r ib u te .  In  a d d itio n , th e  b a s is  fo r
membership in  th e  community in c reas in g ly  becomes th a t  o f  residence
5
ra th e r  than k in sh ip .
S e rv ic e 's  system atic  trea tm en t o f  th e  evo lu tion  o f  so c ia l 
o rg an iza tio n  in  p rim itiv e  s o c ie t ie s  from bands to  chiefdoms s t ip u ­
la te s  th a t  la rg e r  aggregations o f  people in  reduced t e r r i t o r i a l  
a re a s  were made p o ss ib le  by th e  innovations in  the  dom estication o f  
p la n ts  and anim als. The problems o f  o rgan iza tion  involv ing  la rg e r  
numbers o f  people had im p lica tio n s fo r  subd iv ision  o r  segm entation 
and new forms o f  so c ia l  in te g ra tio n . Sahlins views "general evolu-
^Durkheim, The D ivision o f  Labor in  Society .
5
V. Gordon C hilde, "The Urban Revolution" Tbwn Planning 
Review 21:3-17. 1950.
6Elman R. Serv ice , P rim itive  Social O rganization. (Random 
House, In c .:  New York. 19627
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t io n a ry  progress" as th e  tran sfo rm atio n  o f  more energy accompanied 
by a  m u ltip lic a tio n  o f  groups and subgroups, s p e c ia liz a t io n , a 
d i f f e r e n t ia t io n  o f  p a r t s ,  arid the development o f  p o l i t i c a l  o rg an i­
z a tio n s  such a s  chiefdoms and th e  s ta te  which rep re se n t new in te -
. 7
g ra tiv e  s tru c tu re s .
I t  i s  n o t r e a l ly  necessa ry  to  go in to  th e  numerous o th e r  
s tu d ie s  and th e o r ie s  t h a t  a re  w e ll documented in  the  l i t e r a t u r e ;  
what i s  ev id en t in  a l l  o f  them i s  the  reco g n itio n  th a t  evo lu tionary  
changes comprise a  s t r u c tu r a l  e la b o ra tio n  which more o r  l e s s  function  
to  make s o c ie t ie s  mere in te g ra te d  along w ith  an in c re a se  o f  sca le  
and more adap tab le  to  the  environm ents in  which they f in d  them selves.
Before t r e a t in g  th ese  s t r u c tu r a l  tran sfo rm a tio n s , however, a  
word needs to  be sa id  about th e  d is t in c t io n  between cause and a sso c i­
a t io n .  Since energy conversion  i s  im p lic i t  in  the  d iscu ss io n s  thus 
f a r  concerning e v o lu tio n a ry  development, th e  former should n o t be 
understood as a  "cause" o f  development. 3h many evo lu tio n ary  s tu d ie s ,  
some cau sa l f a c to r  was id e n t i f i e d  o r  im plied which gave credence to  
th e  subsequent c r i t ic is m s  o f  m onocausality , economic o r  environm ental 
determ inism , and a  confusion o f  consequences w ith  causes. In  th e  
n a in , ev o lu tio n ary  frameworks which u t i l i z e d  th e  id e a  o f  "stages"  
o f  development took th e  consequent, i . e . ,  a  s tage  o f  p rev ious develop­
ment as a  cause o f  th e  n ex t consequent o r  ano tiier s ta g e . In rec en t 
works a  number o f  causes were seen to  in fluence  and produce change.
n
M arshall D. S a h lin s , "Evolution: S p ec ific  and General" in  
M, D. S ah lin s and E. R. S e rv ice , ed s. Evolution and C u ltu re . 
(U n iv ers ity  o f  Michigan P re ss : Ann Arboru 195tl) pp.'
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For Childe i t  was in ten siv e  a g r ic u ltu re  and popu la tion  growth. In 
W hite's a n a ly s i s ,  i t  was th e  a b so lu te  amount o f  energy harnessed  and 
fo r  Spencer th e  primary ’’mover’1 in  the  d i f f e r e n t ia t io n  p rocess was 
w arfare.
I t  would be b e s t  to  view such ’’causes" a s  "e n a b le rs ."  Dumcnd, 
fo r  in s ta n c e , s ta te s  t h a t  "popu lation  growth appears favo rab le  toward -  
although n o t  s u f f ic ie n t  cause f o r  -  a  degree o f  so c ia l  c e n tra l iz a tio n  
s u f f ic ie n t  to  se rve  as a  s tim u lu s  to  fu r th e r  popu la tion  growth
g
through in c re a se d  s t a b i l i ty  and th e  maintenance o f  in te rn a l  peace." 
Service makes an id e n tic a l  p o in t in  h is  rev iew  o f  th e  th e o r ie s  o f  
the o r ig in  o f  th e  s ta te  in  i l l u s t r a t i n g  th e  aonfusion  o f  th e  "enab lers" 
such as food production  and p o p u la tio n  growth w ith  causal ag en ts .
Even the more so p h is t ic a te d  th e o r ie s  o f  sc h o la rs  l ik e  C am eiro  and 
Hamer shou ld  be viewed a s  in v o lv in g  re c ip ro c a l  r e la t io n s  in  th a t  
the development o f  p o l i t i c a l  o rg an iz a tio n  a s  a  response to  resou rce  
sc a rc ity  nay in  tu rn  fu n c tio n  to  c re a te  su rp lu s  and indeed some 
unintended fu n c tio n s  o f s o c ia l  o rg an iza tio n  such  as in te g ra t io n .
Thus, th e  r e la t io n  o f  energy  tran sfo rm atio n  to  what w i l l  be 
discussed below as so c ia l d i f f e r e n t i a t io n , com plex ity , and in form ation  
i s  th a t  o f  a  re c ip ro c a l r e la t io n s h ip  and n o t c a u sa l. A vailab le  
energy fu n c tio n s  a s  an "en ab le r"  and provides th e  cond itions as w e ll 
as  the  p o s s i b i l i t i e s  fo r  e v o lu tio n a ry  development.
g
Dumond, "P o p u la tim  Growth and C u ltu ra l  Orange." p . 320.
q
Elman R. S erv ice , O rig in s  o f  the  S ta te  and C iv il iz a t io n .
(W. W. Norton and Company, i n c . :  New York. T5757 Chapter 16.
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Social D if fe re n tia tio n
What i s  meant by s o c ia l  d i f f e re n t ia t io n  in  a  very  broad sense 
i s  the  d iffe ren ces  th a t  evolve among in d iv id u a ls , groups, so c ia l
p o s it io n s , and behav io ral p a tte rn s  in  th e  process o f  so c ia l  in te ra c tio n .
10Yet, as Svalastoga p o in ts  o u t, th is  concept make take many forms.
For th e  purpose a t  hand, th e  understanding o f  what i s  meant by so c ia l 
d i f f e r e n t ia t io n  w i l l  concern i t s e l f  p rim arily  w ith  th e  a sp ec ts  o f  
s tru c tu re  and function .
The f a c t  th a t  human behavior is  no t random bu t d isp lays some 
degree o f  o rd er and p r e d ic ta b i l i ty  sugge s ts  th a t  human re la tio n sh ip s  
take  p lace  w ith in  a  framework o f a c tio n  th a t  i s  circum scribed by 
c e r ta in  boundaries. C u ltu re , the  s o c ia l ly  tran sm itte d , lea rned , and 
in te rn a liz e d  body o f  v a lu es, b e lie fs  and ideas provides the  b lu e p rin t 
o r  gu ide lines fo r  human a c t iv i ty .  Yet c u ltu re  i s  generalized  enough 
fo r  the in d iv id u a l to  in te rp r e t ,  ev a lu a te , and make judgements w ith 
regard  to  h is  behavior depending upcn the  s o c ia l  environments in  
which he fin d s  h im self o r  th e  circum stances w ith which he i s  confron t­
ed. Thus, in  th e  process o f  so c ia l  in te ra c t io n , in d iv id u a l behavior 
becomes f a i r l y  c o n s is te n t as a  r e s u l t  o f  repeated  and c o n s is ten t 
choices in  accordance w ith a  design on th e  one hand and a  s e t  o f 
so c ia l circum stances on th e  o th e r . The c o n s is te n t and pa tte rn ed  
behavior o f  in d iv id u a ls  in  so c ia l environments i s  re fe r re d  to  as the  
o rd er in  s o c ia l  re la tio n sh ip s  o r  s o c ia l  s tru c tu re . The re fe re n t  
fo r  th e  in d iv id u a l an a  conceptual le v e l  in  such a framework o f  a c tio n
^ K aa re  Svalastoga, 11 Social D iffe re n tia tio n "  in  F a r is ,
Handbook o f  Modem Sociology, p . 530,
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i s  th e  ro le  -  an expec ta tion  system fo r  behavior w ith re sp ec t to  
p a r t ic u la r  so c ia l re la tio n sh ip s  and circum stances.
When the question a r is e s  as to  th e  r e s u l ts  o f such frameworks 
o f  a c tio n  fo r  so c ia l l i f e  in  p a r t ic u la r  and so c ie ty  in  genera l, th e  
focus i s  upon function . Ih a t  i s  to  say th a t  any framework o f  re p e a t­
ed o r  c o n s is te n t choices th a t  makes up an expecta tion  system o f  
how behavior ought to  be m anifested has c e r ta in  consequences fo r  
so c ia l l i f e  and f o r  so c ie ty  in  term s o f  i t s  su rv iv a l and in te g r i ty .
S oc ial d i f f e re n t ia t io n  may be viewed in  terms o f  the  degree to  
which ro le s  a re  re le g a ted  to  c e r ta in  sp e c if ic  a c t iv i t i e s  o r  ind iv idu­
a l s .  The b io lo g ic a l organism, fo r  example, m y  be e i th e r  q u ite  
genera lized  in  being adapted to  and capable o f e x p lo itin g  a  wide 
v a r ie ty  o f  environm ental con d itio n s, o r  q u ite  sp e c ia liz e d  in  being 
adapted to  and capable o f  e x p lo itin g  a  p a r t ic u la r  n iche . Social 
d i f f e r e n t ia t io n  in  t h i s  sense views human behavior on a  continuum 
from being f a i r l y  genera lized  in  terms o f  the ro le s  th a t  a re  assumed 
to  being f a i r ly  sp e c ia liz e d  in assuming ro le s  th a t  a re  o n e 's  c e n tra l 
framework o f  a c t iv i ty .
Social d if f e r e n t ia t io n  is  a  process whereby ro le s  become more 
e x p l ic i t ly  a llo ca ted  along w ith the rewards and f a c i l i t i e s  fo r  t h e i r  
perform ance. Thus, in  a  so c ie ty  where men hun t, perform  m agical r i t e s  
and cerem onies, have re s p o n s ib i li ty  fo r  th e  p o l i t i c a l  process in  th e  
fam ily and kin network, and perform  a  h o st o f  o th e r  ta s k s , ro le s  are  
f a i r l y  d iffu sed  among a l l  male members in  th a t  everyone performs 
s im ila r  a c t i v i t i e s .  However, in  a  so c ie ty  th a t  begins to  assign  
c e r ta in  men to  hunt w hile o th e rs  perform  m agical r i t e s  and a c t as
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shamans, w hile s t i l l  o th e rs  a c t  as p o l i t i c a l  a d v iso rs , c h ie f s ,  and
w a rr io rs , ro le s  become assigned  to  s p e c if ic  in d iv id u a ls  on a  nunber
o f  c r i t e r i a  whereby such ro le s  become th e  c e n t r a l  o r  sp e c ia liz e d
framework o f  a c t iv i ty  f o r  c e r ta in  persons. S ta ted  d i f f e r e n t ly ,
ex p ec ta tio n  systems become d e lin ea ted  and e x p l ic i t ly  defined  f o r  th e
performance o f  c e r ta in  ta s k s .  A so c ie ty  then  becomes s tru c tu re d  in
term s o f  d i f f e r e n t  behav io ra l frameworks o r  boundaries which have
p o l i t i c a l  and s o c ia l  im p lic a tio n s . For Levy, d i f f e r e n t ia t io n  i s
" . . . t h e  s tru c tu re s  o f  d i s t r ib u t io n  o f  the 
members o f  the  system  among th e  various 
p o s it io n s  and a c t i v i t i e s  d is tin g u ish e d  
in  th e  system and hence the  d i f f e r e n t i a l  
management of th e  members o f  th e  system ."
A c t iv i t ie s  and s t ru c tu re s  may become d i f f e r e n t ia te d  fu n c tio n a lly
as w e ll in  term s o f  "an in c re ased  cap ac ity  fo r  perform ing ( i t s )
prim ary fu n c tio n  as compared to  the  performance o f  t h a t  function
12in  th e  p rev ious more d iffu se d  s t ru c tu re ."  In  more e x p l i c i t  term s,
s t r u c tu r a l  d i f f e r e n t ia t io n  may r e s u l t  in  th e  performance o f  a c t i v i t i e s
th a t  a re  more e f f i c ie n t  and more p ro d u c tiv e , c h a ra c te r iz e d  by Parsons
13a s  "adap tive -upg rad ing ." They a re  ab le  t o  do th i s  because o f  
th e  g re a te r  a llo c a t io n  o f  tim e and f a c i l i t i e s  which develops e x p e r tis e  
and s k i l l  in  th e  performance o f  th a t  ta s k  and only th a t  ta s k  on a  
r e g u la r ,  c o n s is te n t b a s is .
^Marion J .  Levy, The S tru c tu re  o f  S o c ie ty . (P rinceton  
U n iv e rs ity  P ress: Princeton" 1'952') pT 299.
12T a lc o tt  Parsons, S o c ie t ie s . (P re n tic e  H a ll, In c .:
EngLewood C l i f f s ,  N .J. 1966) p. 22.
13Ib id . p. 22.
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Economy as O rien ta tio n  For th e  D if fe re n tia tin g  Process
I t  has a lre ad y  been s ta te d  th a t  a s  a  r e s u l t  o f  th e  development 
o f  need , p r ir ra r i ly  due to  p ressu re  cn su b s is te n c e , nan has c u t deeper 
in to  the  p ro sp e c tiv e  fu n c tio n s  o f  th e  environment in  o rd e r  to  gpin 
more energy. In  a s  much t h a t  th e  prim ary r e q u is i te s  o f  any group 
o r  c o l l e c t iv i ty  i s  su rv iv a l, i t  i s  in  t h i s  sense th a t  s o c ia l  s t ru c tu re s  
a re  o r ie n te d  around problems o f  econony, S tru c tu re s  o f  p roduction  
have a  pre-em inant p o s it io n  and changes in  p roductive  o r  economic 
s t ru c tu re s  e s s e n t ia l ly  r e f l e c t  th e  p o s s ib i l i t i e s  o r  l im i ta t io n s  o f  
th e  energy t h a t  i s  a v a ila b le  on th e  one hand and the  o b je c ts  o r 
th in g s  t h a t  men value on th e  o th e r . The c re a tio n  o f  need  (demand) 
goes hand in  hand w ith  th e  development o f  s c a rc i ty  (supp ly ) which 
o f te n  r e s u l t s  in  a  d ise q u ilib riu m  th a t  c a l l s  fo r  some so lu tio n .
As W ilkinson s ta te s :
" . . a  so c ie ty  which f a i l s  ( to  l im i t  i t s  demands 
o r  reso u rces) and moves o u t o f  e co lo g ica l 
eq u ilib riu m  i s  allow ing  needs to  a r i s e  w ith in  
th e  system beyond th e  le v e l  which can be 
s a t i s f i e d  th rough  -the e s ta b lis h e d  technology 
and environm ental r e la t io n s .  As b a s ic  
reso u rces became sca rce  th e  growing needs 
which cannot be s a t i s f i e d  w ith in  the  t r a d i ­
t io n a l  framework prov ide th e  s in g le  most 
im portant sp u r to  developm ent."1^
Prom p a tte rn s  o f  h u n tin g  and g a th e rin g  to  the g radual use o f  
d igg ing  s t i c k s ,  sp e a rs , th e  bow, th e  hoe , th e  plough, i r r ig a t io n  
tec h n iq u e s , and land -sav ing  r a th e r  than  land -using  techn iques; a l l  a re  
examples o f  tec h n o lo g ic a l innovation  in  response to  -the development 
o f  need and th e  d e s ire  fo r  more gain from the  environm ent. From a
^ W ilk in so n , Poverty  and P ro g re ss , p . 53.
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techno log ical p o in t o f  view, such innovations req u ired  more labor 
to  c re a te , b u ild  and apply  th e  exosom atic instrum ents which ra is e d  
th e  subsis tence  l e r e l  s u b s ta n tia l ly . New technologies do no t necess­
a r i ly  make l i f e  e a s ie r ;  th ey  do provide a  g re a te r  c a p a b ility  fo r  
producing valued o b je c ts . What re s u lte d  in  p a r t  from Hie c rea tio n  
and use o f  new technologies was a  g re a te r  a llo c a tio n  o f  tim e and 
e f f o r t  in  prov id ing  an abso lu te  increase  in  th e  amount o f  a v a ila b le  
energy and in  in c reas in g  lab o r e ff ic ie n c y  in  t h a t  fewer lab o re rs  
couLd produce more. Consequently, a  s e t  o f  ro le s  became sp e c if ic  
to  economic production as more and more e f f o r t  was app lied  to  g e ttin g  
resources out o f  n a tu re . Labor in p u t and o rg an iza tio n  involved 
more tim e and e f f o r t  th an  what k in sh ip  o r  fam ily e n t i t ie s  by them selves 
oould d e liv e r . The cooperation o f  g re a te r  numbers to  produce more
e n ta ile d  a  development whereby production  in c reas in g ly  became a
15so c ia l  r a th e r  than simply a  c lann ish  o r  k in sh ip  a c t iv i ty .  That 
production thus becomes more o f  a  so c ia l  undertaking r e f le c t s  th e  
f a c t  th a t  " th e  b a s ic  problem o f  production i s  to  devise so c ia l  
in s t i tu t io n s  th a t  w i l l  m obilize human energy fo r  productive purposes.
For whatever reason  in te n s iv e  a g ric u ltu re  developed o r  was 
adopted in  various s o c ie t ie s  (whether because o f  the  development o f  
need as a  r e s u l t  o f  population growth per se o r  m il i ta r y - p o l i t ic a l  
expansion, o r both) i t  made p o ss ib le  th e  o r ig in  and growth o f  c i t i e s .
•^Georgescu-Koegen, The Entropy Law and the  Economic Process.
p .  308.
16Robert L. H eilbroner, The Making o f  Economic S o c ie ty . 
(P ren tice  H a ll, In c .:  Englewood C l i f f s ,  N.' J1. 1975) p . 11.
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These o r ig in a l  urban p laces were ch arac te rized  by p o l i t i c a l  and 
re l ig io u s  s p e c ia l i s t s  who exchanged th e i r  p ro te c tio n  o f  property  
and ad m in is tra tiv e  e x p ertise  f o r  the  b e n e fits  o f  an a g r ic u ltu ra l  
su rp lu s . In  o rd e r to  e x is t ,  urban l i f e  needed a  developed technology 
and a  productive system th a t  could support n o n -a g r ic u ltu ra lis ts  and 
a  new form o f  so c ia l  o rgan iza tion  which could m otivate and ensure 
a  le v e l  o f  p ro d u c tiv ity  and which was based on some system o f  
exchange which would enable d is tr ib u t io n . The development o f  
p roperty  r e la t io n s ,  based on a  more permanent se ttlem en t than  in  
th e  case  o f ga thering  economies, a lso  became im portant in  the  s o c ia l  
o rg an iza tio n  o f  so c ie ty . The f a c t  th a t  soma were f re e  from the 
lab o rio u s ta sk  o f  food production meant th a t  freedom was gained to  
pursue o th e r  in te r e s ts  and u ltim a te ly  to  sp e c ia liz e  in  the  c r a f t s ,  
a r t s ,  ad m in is tra tio n  and r e l ig io n ,  and in  w ritin g . U ltim ately , th e  
separa tion  o f in te r e s ts  and ta sk s  meant th a t  in d iv id u a ls  could 
produce more goods and se rv ices than  they  them selves needed, and 
th e  r i s e  o f  c i t i e s  in c reas in g ly  i s  a sso c ia ted  w ith  Hie development 
o f  e x p e rtise  w ith  resp ec t to  th e  performance o f  c e r ta in  ta sk s .
I n i t i a l l y ,  ro le  d if f e re n t ia t io n  in  these  e a r ly  s o c ie t ie s  m y  
be thought o f ,  according to  Levy, as concentrated  fo c i  where th e  
number o f  a c t iv i t i e s  th a t  an in d iv id u a l performs i s  r e la t iv e ly  s n a i l  
and can be d iscerned  as simply those  a c t iv i t ie s  t h a t  a re  o rien ted  
o u ts id e  th e  sphere o f  fam ily r e la t io n s .  That i s  to  say th a t  producers 
produced fo r  the  lan d lo rd , th e  ru lin g  c la s s ,  o r  th e  merchant but 
had no p o l i t i c a l ,  re lig io u s  o r  m ili ta ry  ro le  to  p lay  o u ts id e  the
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fam ily group. But, s ta te s  Levy,
"Where, however, a  r e la t iv e ly  la rg e  amount 
o f  th e  ro le  d if f e re n t ia t io n  in  term s o f  
which the  o rd in ary  in d iv id u a l ac ts  f a l l s  
n o t only o u ts id e  the  fam ily con tex t, bu t 
a lso  is  in  term s o f  a  r e la t iv e ly  varied  
and numerous s e t  o f  a l te rn a t iv e  so c ia l  
subsystems, th e  fo c i nay be termed 
d iv e r s if ie d  fo c i ."
The l a t t e r  case in  which ro le  d if fe re n t ia t io n  has increased  g re a tly
i s  c h a r a c te r is t ic  o f  modem in d u s tr ia l iz e d  s o c ie t ie s  in  which th e
d iffe ren ces  in  th e  a c t iv i t i e s  among in d iv id u a ls  and groups and th e
degree o f  sp e c ia liz a tio n  p r o l i f e r a te s .
The s ig n if ic a n c e  o f  th e  In d u s tr ia l  Revolution was th a t  i t  g re a tly  
expanded th e  economic capac ity  o f  so c ie ty . With th e  conversion from 
animate to  inanim ate forms o f  energy, p a r t ic u la r ly  coal which was 
used to  propel steam eng ines, th e  c h a ra c te r  o f  work changed in  two 
d ire c tio n s . One was th a t  th e  requirem ent fo r  la rg e  nuntoers o f  lab o re rs  
to  run  machines re s u lte d  in  even la rg e r  nunbers o f  persons leav ing  
the  r u r a l  a reas and moving to  urban c e n te rs . Second, th e  ch arac te r 
o f  work became even more sp e c ia liz e d  as h a n d i-c ra f t  production l i f t e d  
to  fac to ry  production  u t i l i z in g  mass production techniques. The 
advent o f  steam seems to  o f f e r  a  good example o f  th e  re la tio n sh ip  
between the  use o f  inanim ate forms o f energy and an increasing  occu­
p a tio n a l d if f e r e n t ia t io n .  With th e  in tro d u c tio n  o f  th e  spinning 
jenny in  England, f a r  exanple, production o f  co tton  in creased  along 
w ith  a  d if f e r e n t ia t io n  o f  lab o r which, n e v e rth e le ss , was s t i l l  a  
fam ily  e n te rp r is e . But as production grew, demand grew, spu rring
l ?tfarion J .  Levy, M odernization and the S tru c tu re  o f  
S o c ie tie s . (P rinceton  U n ivers ity  t r e s s :  P rinceton . p . 193.
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th e  c re a tio n  o f  more e f f i c ie n t  and p roductive  techn iques. With C art­
w r ig h t 's  in v en tio n  o f  th e  power loom and th e  in tro d u c tio n  o f  steam  to  
run  weaving and sp inn ing  nach ines, p roduction  n o t on ly  in c reased  t r e ­
mendously, b u t became a  fa c to ry  a f f a i r  and a  f u l l  tim e r a th e r  th an  a
18p a r t  tim e occupation  f o r  la b o re rs . In  th e  United S ta te s ,  th e  in t r o ­
duc tio n  o f  th e  steam  locom otive c e r ta in ly  had dram atic e f f e c ts  in  th e  
growth and development o f  c i t i e s  and th e  c re a tio n  o f  a  n a tio n a l economy. 
But th e  tec h n o lo g ic a l e ^ q e r tis e  and th e  la rg e  c a p i ta l  investm ents nec­
e ssa ry  in  producing s t e e l ,  c o a l, and th e  h a rn ess in g  o f  in c re a s in g  
amounts o f  energy re s u l te d  more and more in  th e  need f o r  s p e c ia l i s t s ,
te c h n ic ia n s , and f o r  those  w ith  m anagerial, a d m in is tra tiv e , and monetary 
19s k i l l s .  3 These developm ents, among o th e rs ,  changed th e  charac ter o f  
American s o c ie ty  from th a t  o f  s n a il  towns and ham lets based la rg e ly  on 
farm ing, each f a i r l y  s e l f  s u f f ic ie n t  and autonomous, to  an  in c re a s in g ly  
urbanized , in te rdependen t network o f  s p e c ia l i s t s .  I t  becomes e v id e n t, 
a ls o , th a t  th e  techno log ies requ ired  fo r  a  g re a te r  p roductive  e f f o r t  
and process and which invo lve  a  more com plicated e x tra c tio n  process o f  
energy -resources in  tu rn  re q u ire  more te c h n ic a l ,  m anagerial, and p o l i ­
t i c a l  s k i l l s  in  a d d itio n  to  g re a te r  investm ents o f  c a p i ta l .
In  s h o r t ,  th e  development o f  need fo r  new sources o f  energy and 
th e  d e s ire  fo r  an  expanded p roductive  ou tpu t i s  a sso c ia te d  w ith  a
18
N eil J .  Sm elser, S oc ial Change in  th e  I n d u s t r ia l  R evolution: 
An A pplication , o f  Theory to  tHe B r i t is h  Cotton industry^ (U n iv ers ity  
o f  Chicago t r e s s :  Chicago. 1959)
19Samuel P. Hays, The Response to  In d u s tr ia l is m  1885-1914. 
(U n iversity  o f  Chicago P ress: Chicago. 15573 .
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reo rg an iza tio n  o f  economy in which emphasis was placed upon labor 
e ff ic ie n c y , sp e c ia liz e d  s k i l l s ,  and th e  replacem ent o f  hurran and 
anim al power by machine power. The fa c t  th a t  sp e c ia liz a tio n  and 
a  d i f f e r e n t ia t in g  process becomes p a r t  o f  the  ch a rac te r o f  o ther 
sec to rs  o f  so c ie ty  b esid es th e  purely  economic can be seen in  the  
in creased  use o f  techno log ies and p r in c ip le s  o f  e f f ic ie n t  o rgan ization  
in  government, educa tional and re l ig io u s  in s t i tu t io n s ,  and in  the  
r i s in g  phenomenon o f  voluntary  and inform al groups o f  d iverse  
in te r e s ts  and goa ls .
O ther Factors Involved in  th e  D if fe re n tia tin g  Process
The evo lu tionary  process has involved n o t only th e  need to
m obilize human lab o r along sp e c ia liz e d  l in e s  bu t a lso  th e  means by
which m otivation was supp lied  in  o rd e r fo r  s p e c ia liz a tio n  to  take
p lace . H eilbroner views th ese  means o f  m otivation in  term s o f
th ree  general so lu tio n s  to  the production and d is t r ib u t io n  problems
which a re  overarching " ty p es” o f  systems th a t  encompass th e  enormous
d iv e rs ity  th a t  are ev iden t throughout h is to ry  in  th e  productive
20process i t s e l f :  namely, t r a d i t io n ,  command, and th e  m arket. This 
sugge s ts  t h a t  whereas the  economy becomes th e  o r ie n ta t io n  o r focus 1 
whereby ro le s ,  f a c i l i t i e s  and rewards a re  a llo c a te d  to  perform  c e r ta in  
sp e c ia liz e d  ta s k s , o th e r  ro le s  d if f e r e n t ia te d  along m il i ta ry ,  p o l i t i ­
c a l and re l ig io u s  l in e s  a re  a lso  p a r t  o f  th e  d i f f e r e n t ia t in g  process. 
The p o l i t i c a l  ro le s  in  -the p re in d u s tr ia l  c i t y ,  fo r  in s ta n c e , may be 
viewed as e i th e r  en fo rc ing  o r m aintaining a  d iv is io n  o f  la b o r  whether
2^H eilbroner, The Making o f  Economic S ocie ty . pp. 13-20.
99
by command o r by t r a d i t io n .  R elig ious ro le s  no doubt functioned to
ju s t i f y  th e  e s ta b lish e d  o rder in  terms o f  some accepted value s tru c tu re .
M ilita ry  ro le s  were probably ex tensions o f  the p o l i t ic a l- r e l ig io u s ,  power
s tru c tu re  which m aintained a  given o rgan ization  w ith in  an e s tab lish ed
t e r r i to r y  o r expanded th e  t e r r i to r y  in  l in e  w ith  th e  development o f 
21need. Gould, fo r  exanple, sugge s ts  th a t  a  minimal d i f f e re n t ia t io n
in  p re in d u s tr ia l  s o c ie t ie s  could be ch a rac te rized  by "p cw er-e lite  ro le s ,
te c h n ic a l implementation ro le s ,  and menial r o le s ,11 th e  l a t t e r  talcing
in to  account p rim arily  lab o r a c t iv i t i e s  and th e  former p o l i t i c a l  a c t iv i -  
22t i e s .  Gould sees such d i f f e r e n t ia t io n  as be ing  based on a  d i f f e r e n t ­
ia t io n  o f  power and /o r c o n tro l.
Hie p o in t here i s  sim ply th a t  th e  d i f f e r e n t ia t in g  p ro cess , although 
o rien ted  around pro Hems o f  economy and the  production p ro cess , m y  have 
i t s  d ire c tio n  in  term s o f  th e  p o lity  which provides the  m otivation fo r  
s o c ia l  m ob iliza tion  o f  necessary  a c t i v i t i e s .  The d if f e r e n t ia t io n  o f  
o th e r  spheres o f  so c ie ty  as evidenced in  re l ig io u s , m il i ta ry , and 
p o l i t i c a l  a c t iv i t i e s  evidences th e  f a c t  th a t  d i f f e r e n t ia t io n  does not 
simply involve ju s t  economic a c t iv i t i e s .  Since no so c ie ty  i s  completely 
e g a l i ta r ia n , th e  m otivation fo r  f i l l i n g  sp e c ia liz ed  ro le s  depends in  
la rg e  p a r t  on how rewards an d /o r sanctions are  c irc u la te d  through a  
so c ie ty  which i s  no doubt an im portant p a r t  o f  th e  p o l i t i c a l  process. 
Furthermore, as w i l l  be d iscussed  l a t e r  when c u ltu re  in  th e  ro le  o f
91 Sjoberg, The P re in d u s tr ia l  C ity : P ast and P re se n t.
9 9H a r o l d  A. Gould, Caste and C lass: A Oonparitive View. 
(Addison-Wesley Modular P u b lic a tio n s , Module I I .  Reading, Mass.
1971) pp. 1-24.
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inform ation i s  analyzed, the  development o f  need in  p a r a l le l  w ith 
the  valued o b jec ts  th a t  men d esire  p lay  a  s ig n if ic a n t  p a r t  in  making 
the  productive  process more e f f i c ie n t  so th a t  th e  d is tr ib u t io n  o f 
consumptive goods m y  be expanded and a v a ila b le  to  in c reas in g  numbers 
o f  people.
Energy and Social D iffe re n tia tio n
Ihe  r e la t io n  between energy and s o c ia l  d i f f e re n t ia t io n  m y  be 
seen in  th a t  d i f f e re n t ia t io n  enables a  g rea te r  amount o f  energy to  
flow through a  so c ie ty  cn the  one hand and req u ire s  more energy to  
support sp e c ia liz e d  s tru c tu re s  cn the  o th e r . In the  f i r s t  in s ta n c e , 
d i f f e r e n t ia t io n  i s  a  f a c i l i t a t o r  o f  energy transfo rm ation  in  th a t  
te c h n ic a l ex p e rtise  f in d s  new ways to  " tr ig g e r” the  re le a se  o f  a v a i l ­
ab le  energy from th e  environment. Moreover, th e  value placed cn 
lab o r e ff ic ie n c y  fo r  g re a te r  p ro d u c tiv ity  involves a  g re a te r  use o f  
energy, and p a r t ic u la r ly  energy subsid ies from f o s s i l  fu e ls ,  to  run 
machines, n o t to  mention th e  energy requ ired  to  support a  consumption 
o rien ted  l i f e - s t y l e  th a t  i s  c h a ra c te r is t ic  o f  many in d u s tr ia l iz e d  
c o u n tr ie s . In  e i th e r  c a se , th e  r a t e  o f  energy flow through so c ie t ie s  
tends to  become optim ized as s o c ie t ie s  d i f f e r e n t ia te  and as production 
expands. D if fe re n tia tio n  o f  s t ru c tu re , by provid ing  a  more concen­
t r a te d  and e f f ic ie n t  use o f  la b o r  tim e and e f f o r t  to  accomplish various 
ta sk s  in  e f f e c t  enhanced energy flows and thereby superceded the  
l im its  imposed upon a  so c ie ty  by p rev ious, le s s  so p h is tic a te d  environ- 
m ental-use systems. Furthermore, d i f f e re n t ia te d  s tru c tu re s  imply more 
feedback loops, p a r t ic u la r ly  more o p p o rtu n itie s  fo r  h ig h e r q u a lity
energy to  in te r a c t  w ith  energy o f  lower q u a li ty , thus inducing a  
g re a te r  energy flow according to  th e  maximum power p r in c ip le .
On the o th er hand, th e  energy req u ired  fo r  sp e c ia liz a tio n  and 
d if fe re n t ia t io n  i s  la rg e . Energy i s  fed  to  sp e c ia liz ed  s tru c tu re s  
in  th e  economy such as tec h n ic ian s , p rocesso rs, and d is tr ib u to rs  
who in te ra c t  w ith  o th e r  sources o f  energy to  increase  a d d itio n a l 
energy flews through a  so c ie ty . Energy i s  used by sp e c ia liz ed  
s tru c tu re s  in  th e  p o l i t i c a l  sphere such as a d m in is tra to rs , bureaucra ts 
lawmakers, and e le c te d  o f f i c i a l s  in  the  same way. At the  same tim e, 
such s tru c tu re s  in c reas in g ly  use energy fo r  se lf-su p p o rt. The 
d i f f ic u l ty  in  seeing  energy flows in  th i s  l i g h t  i s  due to  the per­
cep tion  o f energy as simply a  fu e l  fo r  nach ines. Odum s ta te s :
"People sometimes make m istakes in  deciding 
what a c t iv i t i e s  u ltim a te ly  c o s t o r  do n o t 
c o s t much energy, because th ey  do no t consider 
a l l  th e  energ ies a c tu a lly  involved. A c tiv it ie s  
such a s  education seem lik e  sna il energy 
consumers because they  seem to  involve only 
people and n o t many fu e l-u sin g  nachines. In 
f a c t ,  however, th e  energy involved in  the  
long chain  o f  converging educational a c t iv i ­
t i e s  i s  very la rg e .
Figures 6 and 7 i l l u s t r a t e  th e  energy flows in  a n o n -d iffe re n tia te d  
and in  a  d if f e re n t ia te d  so c ie ty . In the  modem w orld, th e  g re a te r  
energy requirem ents may be more e x p l ic i t ly  seen in  th e  r e s u l ts  o r  
m an ifesta tions o f  d if f e re n t ia t io n  and sp e c ia liz a tio n . The use o f  
energy fo r  tra n s p o r ta tio n , oom terce, in d u s t r ia l  production , o rganiza­
t io n s ,  and consumer goods -  a l l  products o f  d if f e r e n t ia te d  s tru c tu re s ,
oq
Odum, Energy Basis For Man and N ature, p. 34.
FIGURE 6
ENERGY FLOWS IN A SOCIETY WITH LIMITED DIFIERENTIAHCN
Sun
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Microbes HumansF lan ts
Source: Howard T. and E lisabe th  C. Odum, Energy Basis For Man and N ature,
(McGraw-Hill Book Company: New York. 197$) p . 1367
This f ig u re  dep ic ts  th e  energy b a s is  fo r  a  hunting and gathering  so c ie ty  w ith 
very l i t t l e  d if fe re n t ia t io n . The energy flew  to  man i s  r e la t iv e ly  lew , being 
s u f f ic ie n t  in  th e  main fo r  subsis tence . Most human energy i s  spen t track in g  
down and m aintaining food supp lies and in  providing s h e l te r .
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FIGURE 7
ENERGY FLOWS IN A SOCIETY WITH HIGH DIFFERENTIATION
D iversity
Sun
Rain P la n t Mass .sums:
Source: Howard T. and E lisabe th  C. Odum, Energy Basis For Man and Nature.n e r g y _______
(McGraw-Hill Book Company: New York. ' 19V6) p . 138.
,
This f ig u re  dep ic ts  the energy b a s is  and c o n trib u tio n  o f  d if fe re n t ia t io n . M aintaining 
d iverse s tru c tu re s  req u ire s  more energy than in  n a n -d if fe re n tia te d  s o c ie t ie s . Energy 
flews support sp e c ia liz ed  s tru c tu re s  in  term s o f t h e i r  various f a c i l i t i e s  needed 
fo r  performance ( tra n sp o rta tio n , oonriunicaticn, e tc . )  as w ell as sp e c ia liz ed  ro le s  
th a t  a re  involved in  technology, production , government, education , e tc . Note a lso  
13iat sp e c ia liz ed  s tru c tu re s  co n trib u te  to  th e  e ffe c tiv en e ss  o f  energy processing 
and flows as in d ic a te d  by th e  feedback loops back to  -file in te ra c tio n  symbols. Labor 
e ff ic ie n c y  i s  a tta in e d  by an energy expense w hile a t  th e  same time converting  g re a te r  
amounts o f  lew q u a lity  energy in to  energy o f  h igher q u a lity .
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have a  high energy p r io r i ty .  In  a  h igh ly  in d u s tr ia liz e d  so c ie ty  where 
c i t i e s  a re  by and la rg e  removed in  a  fu n c tio n a l way from a g ric u ltu re  
and become more dependent upon a g r ic u ltu ra l  s p e c ia l i s t s ,  th e  energy 
expended in  g e ttin g  food from th e  farm in to  the  hands o f  th e  consumer 
i s  q u ite  la rg e  and o ften  g re a te r  than  th e  energy value o f  th e  food 
i t s e l f .  Figure 8 schem atically  i l l u s t r a t e s  the  food processing  and 
d is tr ib u t io n  in d u stry  in  an in d u s tr ia l iz e d  so c ie ty . Each s e c to r  o f  
th e  in d u stry  i s  an energy consumer in  carry ing  o u t i t s  e s s e n t ia l  
sp e c ia liz e d  a c t iv i t i e s .
In  essence , so c ia l d if f e r e n t ia t io n  has functioned  to  provide 
adaptive a b i l i ty  fo r  a  so c ie ty , p a r t ic u la r ly  w ith re sp ec t to  i t s  
physica l environment. By broadening and en la rg in g  th e  p rospective  
functions o f  th e  environm ent, the  evo lu tionary  process has maximized 
energy flows and provided f l e x ib i l i t y  in  dea ling  with environm ental 
lim ita t io n s  and p o s s ib i l i t i e s .  As in  th e  oase o f  eco lo g ica l communi­
t i e s  whereby d iv e r s i ty  c o n s is ts  o f  longer food chains and g re a te r  
p o s s ib i l i t i e s  fo r  negative  feedback co n tro ls  in  dealing  w ith o s c i l l a ­
tio n s  and f lu c tu a tio n s  in  th e  environm ent, so in  s o c ie t ie s ,  in c reas in g  
d if fe re n t ia t io n  tends to  in crease  feedback loops and flows among 
sp e c ia liz e d  u n its  which serve to  s e l f - r tg u la te  a  so c ie ty  and to  give 
i t  more adap tab ility -.
Complexity
In  a  most general way, complexity means an a sso c ia tio n  o f  
re la te d  p a r ts ,  o f ten  in  i n t r i c a te  conbination . The s p e c if ic  sense 
o f  com plexity w ith  re fe ren ce  to  so c io c u ltu ra l evo lu tion  re fe rs  to
MINING
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TMs figure dep icts the "agri-business" industry o f  an 
in d u str ia lized  soc ie ty  such as the United States* Each 
sector  depends upon inputs o f  availab le  energy for i t s  
e s se n tia l functioning*
Figure taJcen from Earl 0. Heady, "The Agriculture o f  the 
United States" in  S c ie n t if ic  American 235:3 Septwtoer, 1976. 
P. 118.
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those s tru c tu re s  which in  some way l in k  d iverse  behav io ra l frameworks 
to g e th e r  in  a  behav io ra l framework on a  h ig h er lev e l o f  g e n e ra lity .
By a  h igher le v e l o f  g e n e ra lity  i s  meant a  behav io ra l framework o r  
boundary s tru c tu re  which i s  more in c lu siv e  o f  th e  behav io ral p a tte rn s , 
g o a ls , and values which c h a rac te rize  sp e c ia liz ed  groups o r in s t i tu t io n ­
a liz e d  spheres o f  a  so c ie ty . There i s  no reason to  suppose th a t ,  as 
s o c ie t ie s  become more d if fe re n t ia te d , sp e c ia liz ed  ro le s  pursuing p a r t i ­
c u la r  in te r e s ts  in  l in e  w ith c e r ta in  values w il l  operate  harmoniously 
w ith  each o th e r . Thus, a  w ider spectrum which le g itim a te s  a  w ider 
v a r ie ty  o f  g o a ls , s o c ia l  s tru c tu re s  which provide w ider lo y a l t ie s  
beyond those which a re  opera ting  in  d if fe re n t ia te d  groups and o th er 
s t r u c tu re s ,  and mechanisms which provide a  sense o f complementarity in  
the m idst o f  d iffe ren c e  would need to  evolve canoommitantly w ith d i f f e r ­
e n tia t io n  to  prevent u n re s tr ic te d  c o n f l ic t ,  antagonism, in d iffe re n c e , 
o r  even segm entation.
As w ith  d i f f e r e n t ia t io n ,  com plexity nay be viewed in  terms o f  
s tru c tu re  and fu n c tio n . S tru c tu ra lly , th e  concern i s  w ith lo g ic a l  
consistency and in te r - re la te d n e s s  o f  autonomous s tru c tu re s  o r  how the  
d if f e r e n t ia te d  s tru c tu re s  ( ro le s ,  groups) lo g ic a lly  f i t  to g e th e r 
w ith  re sp e c t to  c u l tu ra l  values and co n fig u ra tio n s . Complexity in  
th is  sense involves mechanisms which t i e  d if f e r e n t ia te d  and somewhat 
autonomous s tru c tu re s  to g e th e r  in to  an o p era tin g  whole. One aspec t 
o f  th is  i s  a  p rov is ion  o f  in c lu s io n  by which a  s ta tu s  o f  f u l l  membership 
i s  given to  d iverse and perhaps p rev iously  excluded groups in  a  so c ie ty . 
Another aspec t i s  th a t  d if f e re n t  expec ta tion  systems a re  subsumed 
under a  s e t  o f  goals and value' con figu ra tions which a re  complementary to
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them.
F u n c tio n a lly , Hie concern i s  w ith th e  consequences t h a t  d i f f e r ­
e n t ia te d  s tru c tu re s  have fo r  a  so c ie ty  as a  whole. The focus o f  
com plexity in  t h i s  re s p e c t  i s  w ith  the  e f f e c ts  th a t  d i f f e r e n t ia te d  
s tru c tu re s  have in  m eeting th e  b a s ic  r e q u is i te s  fo r  th e  su rv iv a l and 
adequate fu n c tion ing  o f  a  so c ie ty  and s p e c i f ic a l ly  how s t r u c tu r a l  
mechanisms function  to  co o rd in a te , s o l id i f y ,  o r  re g u la te  d i f f e r e n t ­
ia te d  s truc tu res- so th a t  th ey  co n tr ib u te  to  some o v e ra ll  o b jec tiv e  
o r  design . In  essen ce , one may speak o f  com plexity in  term s o f  
s t r u c tu r a l  and fu n c tio n a l in te g ra t io n  o r  in  term s o f  lo g ic a l ly  r e la te  
jng p a r ts  to  p a r ts  and p a r t s  to  th e  whole.
The ev o lu tio n  o f  s o c ia l  d i f f e r e n t ia t io n  nay a lso  involve a t  
th e  same tim e an in c re a s in g  awareness o r  consciousness o f  th e  d i f f e r ­
ences between groups and in d iv id u a ls , d iffe re n c e s  which may r e s u l t  
in  te n s io n  and c o n f l ic t .  This i s  to  say  th a t  a s  s o c ia l  s t ru c tu re s  
become more sp e c ia liz e d  th ey  may ten d  to  pursue t h e i r  own in te r e s t s  
and g o a ls  and nay even beoome a s so c ia te d  w ith  v a lu e s , b e l i e f s ,  and 
id eas  which a re  in d if f e r e n t  o r  a n ta g o n is tic  to  each o th e r  and so c ie ty  
as a  whole. Thus, th e  n o tio n  o f  in terdependence which i s  im p lic i t  
in  organism ic and fu n c tio n a l th e o r ie s  o f  e v o lu tio n  i s  an assumption 
and n o t n e c e ssa r ily  an au tom atic  occurence in  th e  evo lu tio n ary  p ro cess .
A number o f  s tu d ie s  have sought to  a n a ly t ic a l ly  d ea l w ith t h i s  
n e c e s s i ty  t o  prov ide some in c lu s io n  f o r  d iv erse  s t ru c tu re s .  In  an 
in te r e s t in g  a n a ly s is  o f  th e  re la t io n s h ip  between a  growing technology 
and th e  development o f  norm ative s t r u c tu r e s , Gouldner and Peterson
108
in d ic a te  t h a t  in c re a s in g  d i f f e r e n t ia t i c n  c o n tr ib u te s  to  a  d iv e rs i ty  in  
b e l i e f s  and values so th a t  " s o c ia l  d if fe re n c e s  ten d  to  in te n s ify  person- 
a l  d if fe re n c e s ."  S o c ie ta l growth and evo lu tion  c re a te  problems fo r  
m ain tain ing  th e  s o c ia l  o rd e r , s p e c i f ic a l ly  in  term s o f  in te rp e rso n a l 
ten s io n s  which m y  function  p o s i t iv e ly  to  give the  in d iv id u a l b o th  
consensual and c o n f l ic tu a l  v a lid a tio n , i . e . ,  te n s io n s  prov ide th e  
boundary s t ru c tu re s  between groups, d e lin e a tin g  group un ifo rm ity  w hile  
a t  th e  same tim e d e lin e a tin g  th e  sep a ra tio n  o f  one group from ano ther. 
The au tho rs suggest t h a t  w hat they  c a l l  th e  A pollonian f a c to r ,
" . . e n t a i l s  a  complex norm -em itting , le g it im a tin g , 
surveying , and san c tio n in g  arrangem ents (which 
emerges) as an adap tive  response to  th e  in te n s i f ie d  
s o c ia l  c o n f l ic ts  and growing problems o f  impulse 
management. 5
In  s h o r t ,  th e  growing d if fe re n c e s  among in d iv id u a ls  and groups in  
t h e i r  b eh av io ra l r e la t io n s  ( s tru c tu re s )  must be circum scribed  in  some 
way by more g e n e ra l, im p l ic i t  b eh av io ra l designs which serve  to  give 
them some degree o f  commonality w hile a t  th e  same tim e p reserv in g  
t h e i r  in te g r i ty  as autonomous u n its .
That interdependence o r  cooperation  among d iv erse  a sp ec ts  o f  a  
s o c ie ty  i s ,  from an a n a ly t ic  v iew point, on ly  one a l te r n a t iv e  to  growing 
d i f f e r e n t ia t io n  i s  in d ic a te d  by E ise n s ta d t who o u tl in e s  a  number o f  
o th e r  p o s s ib i l i t i e s .  Amcng these  a re  a  f a i lu r e  to  adequately  
i n s t i t u t io n a l iz e  a  so lu tio n  to  growing d iv e r s i ty ,  o r  a  reg re ss io n  
as r e f le c te d  in  a  re tu rn  o f  a  so c ie ty  to  th e  in s t i tu t io n a l iz a t io n  o f
24-Gouldner and P e te rso n , Notes On Technology and th e  Moral
O rder.
25Ib id . p . 51.
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o f  l e s s  d if f e re n t ia te d  system s. Another a l te rn a t iv e  would be a  
growing uneven d i f fe re n t ia t io n  whereby adequate in te g ra tio n  in to  a
* O Cs ta b le  w ider framework o f  behavior does n o t take p lace .
Furthermore, as  Smelser p o in ts  o u t, d if f e re n t ia t io n  nay e n ta i l  
c o n f l ic t  w ith t r a d i t io n a l  values which are based on a  more homogeneous 
so c ie ty  o r i t  m y  r e s u l t  in  uneven s t ru c tu ra l  change. Moreover, 
in te g ra tiv e  mechanisms which attem pt to  provide some sense o f  comple­
m entarity  may in  them selves c o n f l ic t  w ith  o th e r  s tru c tu re s  which 
have t h e i r  locus in  t r a d i t io n .  ^^
I t  would seem, th e re fo re , th a t  a  growing d if fe re n t ia t io n  involves 
some problems in  prov id ing  interdependence, oonp lim en tarity , o r 
coord ination  i f  a  so c ie ty  i s  to  n a in ta in  i t s  in te g r i ty  and some 
degree o f  o rder.
Mechanisms Involved in  Complexity
A number o f  examples o f  in te g ra tiv e  mechanisms can be given 
and i t  should be no ted  th a t  such mechanisms vary in  type and degree 
a t  d if f e re n t  le v e ls  o f  a  s o c ie ty 's  so c ia l s tru c tu re  and vary likew ise  
in  d if fe re n t  types o f  s o c ie t ie s .  E isen s ta d t, fo r  example, suggests 
th a t  c e r ta in  symbolic normative and o rg an iza tio n a l p a tte rn s  such as 
w ritte n  language, o r  a  genera lized  le g a l  system "evince a t  each more 
complex le v e l  o f  d i f f e r e n t ia t io n  a  g re a te r  scope o f  genera liza tion"
26 S. N. E ise n s ta d t, "Social Change, D if fe re n tia tio n , and 
Evolution" American S oc io log ical Review 29: 1964. p . 379.
27N eil J .  Smelser, Essays in  S ocio log ical E xplanation. 
(P ren tioe  H a ll, In c .:  Englewood C l if f s ,  N. J .  1968) pp. 140-141.
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28which serves to  in te g ra te  a  so c ie ty . Smelser in d ic a te s  th a t  such
th in g s  as t ra d e  un ions, a s s o c ia t io n s , p o l i t i c a l  p a r t i e s ,  and the
development o f  th e  s ta te  apparatus a re  in te g ra tiv e  s tru c tu re s  which,
29p a ra d o x ica lly , f u r th e r  d i f f e r e n t ia te  a so c ie ty .
L es lie  White suggests t h a t  the  p r in c ip le  means o f  s o c ia l in te ­
g ra t io n  a re  "v e rb a l ru le s  and form ulas" which f in d  t h e i r  expression
qn
in  customs, e t iq u e t te ,  k in sh ip  systems and form al codes o f  law.
In  a  d iscussion  o f  customs, which i s  th e  c h a r a c te r i s t ic  s o c ia l  c o n tro l
mechanism in  e g a l i ta r ia n  s o c ie t ie s ,  Serv ice s ta te s  t h a t  sanctioned
customs as forms o f  so c ia l  c o n tro l o p era te  as "powerful re in fo rc e rs
in  sm all s o c ie t ie s  o f  s ta b le  r e la t io n s h ip s ." 3'*'
H e ilb ro n er, in  a  b r i e f  review  o f  th e  pre-m arket economies o f
th e  Middle Ages, f in d s  t h a t  g u ild s  -  th e  t r a d e , p ro fe s s io n a l and
c r a f t  o rg an iz a tio n s  which were o f  Roman o r ig in  -  were n o t sim ply th e
b u sin esss  u n i ts  o f  town l i f e .  Although they  had much to  do w ith
o rg an iz in g  fo r  p roduction , th ey  a lso  had to  do w ith  non-ecanomic
concerns: c h a r i ta b le  c o n tr ib u tio n s , o n e 's  c iv ic  r o le ,  ap p ro p ria te
d re s s , e tc .  Thus, they  served  a s  re g u la to rs  o f  s o c ia l  conduct as
w e ll. Moreover, th ey  were designed to  p reserve  an o rd e r ly  way o f
32l i f e  and to  avo id  s tru g g le  among t h e i r  members,
^® E isenstadt, "S ocial Change* D if fe re n tia t io n  and E volution"
p . 377.
29Sm elser, Essays in  S o c io lo g ica l E xplanation , p . 138.
3* W ite , The Evolution o f  C u ltu re . Chapter 8. 
qn
S erv ice , O rig ins o f  th e  S ta te  and C iv i l iz a t io n , p . 83.
qoH eilb ro n e r, The Making o f  Economic S o c ie ty , p . 38,
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In  th e i r  observations o f  change: in  C entra l A frica , the  Wilsons 
found th a t  a  g re a te r  subordination  in  th e  w ider r e la t io n s  along w ith 
a  g re a te r  autonomy in  th e  narrow er r e la t io n s  a re  an a sp ec t o f what 
they  term  an " in crease  o f  sc a le ."  Increase  o f  s c a le  i s  r e f le c te d  in  
th e  in c reas in g  in te n s i ty  and numbers o f  persons in  in te ra c t io n , a  
r e s u l t  o f  population  in c re a se , exp lo ra tion  and co n tac t w ith  o th e r  
peoples, o r  both . With in c reas in g  d iv e rs ity  as a  r e s u l t  o f  an 
in c rease  o f  sc a le , so c ia l s o l id a r i ty  nay only be re a l iz e d  i f  such 
d iv erse  a c t iv i t i e s  fin d  a  conform ity to  more genera lized  p r in c ip le s  
which make them complement each o th e r . W ilsons’ p o in t i s  -that as 
c o n tro l over the  environment in c re a ses , la rgeness o f  sca le  i s  p o ss ib le , 
having consequences in  terms o f  an increas ing  d i f fe re n t ia t io n  th a t
i s  la rg e ly  based on interdependence. I h i s ,  in  tu rn ,  involves th e
development o f  a  so c ia l s tru c tu re  which is
" . . t h e  sy s te n a tic  form o f l im ita t io n  by which 
e c c e n t r ic i t ie s  a re  checked and complementary 
d iv e r s i t ie s  a re  p re se rv e d .. .  so c ia l s tru c tu re  
i s  th e  a p p lic a tio n  o f  so c ia l p r e s s u r e . . i t  i s
a  form o f  l im ita t io n ;  a  form o f  o rd e r , coherence,
and harmony."33
Beyond th e se  examples which are  only a  sample o f  many s tu d ie s  
which have attem pted to  a n a ly tic a l ly  study the  concepts o f  i n t e r ­
dependence and complem entarity, th e  problem is  whether th e re  i s  any 
a n a ly tic a l ly  d is tin g u ish ab le  p a tte rn  o r  mechanism which can be a r t i ­
cu la ted  th a t  r e f e r s  to  conp lex ity  as i t  i s  here  defined . I t  would 
appear th a t  such an a n a ly tic  c o n s tru c t e x is ts  when le v e ls  o f  in te ­
g ra tio n  a re  considered  from two p e rsp ec tiv es .
33Godfrey and Monica W ilson, The A nalysis o f  Social Change. 
(Cambridge U niversity  Press: Cambridge" 196&) p . *+9.
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Power As O rien ta tion  fo r  Complexity
Wien considering  th e  r e la t io n  o f  p a r ts  o f  a  so c ie ty  to  o th er 
p a r t s ,  whether they  be in d iv id u a ls , groups, o r  so c ia l s tru c tu re s  in  
a  more general sense , th e  concern i s  e s s e n t ia l ly  w ith so c ia l  r e la t io n s , 
o r  Hie ex ten t and degree to  which p a r ts  e f fe c t  o r  in fluence  one 
ano ther. One nay view le v e ls  o f  in te g ra tio n  in  t h i s  l ig h t  in  term s 
o f  d ea lin g  w ith  re c ip ro c a l r e la t io n s  which, when they  become s t a b i l ­
ized  over a  pe riod  o f  tim e, m anifest them selves a s  s tru c tu re s  o f  
a c tio n . Im p lic it  in  such r e c ip ro c a li ty  i s  the  a sp ec t o f  power.
In an evo lu tionary  framework, th e  growth o f complexity invo lves, 
among o th er th in g s , an evo lu tion  o f  power s tru c tu re s  which make them­
se lv es e x p l ic i t  in  th e  development o f  p o l i t i c a l  in s t i tu t io n s .  From 
e g a l i ta r ia n  s o c ie t ie s  to  th e  growth and in s t i tu t io n a l iz a t io n  o f  the  
s t a t e ,  power as m anifested  in  p o l i t i c a l  o rgan iza tion  evidences a 
tren d  toward c e n tra l iz a tio n . In F r ie d 's  work dealing  w ith  th e  evo l­
u tio n  o f  p o l i t i c a l  s o c ie t ie s  a  departu re  i s  ne.de from the evo lu tionary  
schemes o f  scho lars l ik e  Sahlins and Service who dep icted  p o l i t i c a l  
change along a  continuum from bands to  t r ib e s ,  t r ib e s  to  chiefdoms, 
and chiefdoms to  th e  s ta te  o rg an iz a tio n . In s te ad , F ried  c la s s i f ie d  
s o c ie t ie s  as to  whether they a re  e g a l i ta r ia n ,  rank , s t r a t i f i e d ,  o r  
s t a te  s o c ie t ie s .  E g a lita r ia n  s o c ie t ie s  a re  ch a rac te rize d  by a  f a i r ly  
unstab le  se ttlem en t p a tte rn , very l i t t l e  d if f e r e n t ia t io n ,  and where 
th e re  a re  as many s ta tu s  p o s itio n s  as th e re  a re  people to  f i l l  them. 
Rank s o c ie t ie s ,  on the  o th e r hand involve s ta tu s  p o s itio n s  which a re  
fewer in  number than people who can f i l l  them, although th ey , l ik e
e g a l i ta r ia n  s o c ie t ie s ,  a llow  a l l  members access to  b asic  resources,.
Y et, s ta tu s  which invo lves a u th o r i ty  and power, i s  p a r t ic u la r  in  th a t  
power and a u th o r i ty  i s  s p e c if ic  to  a  p a r t i c u la r  s ta tu s  p o s it io n  and 
i s  n o t t r a n s fe ra b le  to  o th e r  s ta tu s e s  th a t  an in d iv id u a l h a s , n o r i s
Oil
i t  based cn any k ind  o f  modeled behav io r o r  " o f f ic e ."  By and la rg e  
a u th o r i ty  in  rank  s o c ie t ie s  i s  based an personal power and th e  usual 
method o f  s o c ia l  c o n tro l o r  e x e r tin g  in flu en ce  i s  by the  counsel and
Q C
c a jo le ry  o f  k in  r e la t io n s .  I t  i s  on ly  w ith  th e  emergence o f  s t r a t i ­
f ic a t io n  invo lv ing  a  rank ing  based an economic c h a ra c te r is t ic s  th a t  
major in s t i tu t io n s  o f  s o c ia l  c o n tro l become d is t r ib u te d  throughout 
th e  so c io c u ltu ra l  f a b r ic .  In  such s o c ie t ie s  access to  b a s ic  resou rces 
i s  c o n tro lle d  and i t  i s  hypothesized  t h a t  th e  development o f  a  semi- 
foruH lized  lea d e rsh ip  evidenced in  t r ib e s  i s  a  response to  resource  
s c a rc i ty  and s i tu a t io n s  o f  c o n f l ic t  and com petition . In c reas in g ly  
la r g e r  tech n o lo g ica l developments n o t on ly  re q u ire  a  la rg e r  lab o r 
fo rc e  th a t  needs to  be coo rd inated  b u t re q u ire  techno log ical,, in s t r u ­
ments o f  p roduction  o f  such a  s c a le  th a t  they  cannot be re p l ic a te d  
by every  member o f  th e  s o c ie ty  as was th e  case w ith  th e  spear o r  the  
hoe. In e v ita b ly  t h i s  im p lies seme c o n tro l o f  th e  instrum ents o f  
p roduction  and a  co o rd in a tin g  p rocess f o r  producing a  cooperative  
la b o r  fo rce .
With th e  development o f  th e  s t a te  i s  th e  claim  to  param omtcy 
in  the  use o f  p h y s ic a l naked fo rce  to  coord inate  and c o n tro l. In
3^Horton H. P ried , Ihe E volu tion  o f  P o l i t ic a l  S ociety : An 
Essay in  P o l i t i c a l  Anthropology, ‘(kancbm tfeuse: New York. 1957)~pT 146.
3 5 _ ,
F r ie d 's  words:
" I t  i s  th e  ta s k  o f  m ain tain ing  genera l so c ia l  
o rd e r  th a t  stands a t  the  h e a r t  o f  th e  development 
o f  th e  s t a te .  And a t  th e  h e a r t  o f  th e  problem 
o f  m ain tain ing  genera l o rd e r  i s  th e  need to  
defend th e  c e n t r a l  o rd e r o f  s t r a t i f i c a t i o n  -  
th e  d i f f e r e n t ia t io n  o f  ca teg o rie s  o f  popu lations 
in  term s o f  access to  b a s ic  re so u rc e s . . .Every 
s t a te  kncwn to  h is to ry  has had a  p h y sica l 
apparatus fo r  removing o r  o therw ise dea ling  
w ith those  who f a i l e d  to  g e t th e  message ( th a t  
th e  s o c ia l  o rd e r  i s  i n e v i t a b l e ) 6
A la rg e  p a r t  o f  th e  understanding  o f  th e  e v o lu tio n  o f  power 
s tru c tu re s  which serve in te g ra t iv e  functions in  t h i s  co n tex t comes 
from Adams' book Energy and S tru c tu re . Im p lic i t  in  th e  id e a  o f  
r e c ip ro c a l  s o c ia l  r e la t io n s  i s  th e  a sp ec t o f  power. In  f a c t ,  i t  . 
i s  one o f  Adams' m ajor th e se s  t h a t  th e  evo lu tion  o f  power, co nstruc ted  
a long  th e  l in e s  o f  le v e ls  o f  in te g ra t io n , i s  a  fu n c tio n  o f  th e  growth
37sequence o f  what he term s id e n t i ty ,  co o rd in a tio n , and c e n tra l iz a tio n .
In  th e  f i r s t  in s ta n c e , id e n t i ty  i s  c h a ra c te r iz e d  by aggregates 
o f  in d iv id u a ls  who in  some way id e n t i fy  w ith  each o th e r  in  the  
sense o f  a  "shared  peoplehood." But t h a t  i s  a l l ,  and a s  such i t  
re p re se n ts  a  fragmented u n it  o f  s o c ie ty  in  which members have se p a ra te , 
independent power. There i s  no a r t ic u la t io n  or. co o rd in a tio n  o f  
in d iv id u a ls  in  any w ider framework o f  a c tio n .
In th e  second in s ta n c e , co o rd in a tio n , common id e n t i f ic a t io n  by 
in d iv id u a ls  w ith  each o th e r  i s  used as a  b a s is  fo r  g ran tin g  r ig h ts
and d u tie s  re c ip ro c a lly  fo r  th e  purpose o f  decision-m aking over those
# 0 
Ib id . pp. 230-231.
37Adams, Energy and S tru c tu re .
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events o r  s i tu a t io n s  which a f f e c t  e n t i r e  bodies o f  people . Adams 
s ta te s :
"The manner in  which extended fam ilie s  in te r a c t  
and th e  way th a t  A u s tra i lia n  hun ting  and 
g a th e rin g  fam ily  bands se p a ra te  o u t over a  
wide t e r r i t o r y ,  in te r r e la te d  through c la s s i -  
f ic a to ry  k in sh ip  and recognized r ig h ts  o f  
access to  oomnxn p o rtio n s  o f  t h e i r  env iron - „R 
ment i l l u s t r a t e  th i s  degree o f  c o o rd in a tio n ."
C oordinated u n its  have no le a d e r  to  whom a u th o r i ty  i s  a llo c a te d  
fo r  making d ec is io n s  and power i s  th e re fo re  on a  mutual and r e c ip ­
ro c a l b a s is  o f  g ran tin g  and rec e iv in g .
In the t h i r d  ca se , c e n tra l iz e d  u n its  r e f l e c t  an a llo c a tio n  o f  
power to  an in d iv id u a l o r  s e le c te d  in d iv id u a ls  which in  e f f e c t  
c e n tra l iz e s  th e  decision-m aking p ro cess . R ights a re  g ran ted  to  a  
c e n tra l iz e d  body o f  members in  re tu rn  fo r  rew ards and advantages 
n o t a v a ila b le  in  coo rd ina ted  o r  id e n t i ty  u n i ts .  An example o f  th is  
case  m ight be where power i s  g ran ted  and le g itim iz e d  to  th e  r e l ig io u s -  
p o l i t i c a l - m i l i t a r y  e l i t e s  in  th e  e a r ly  Roman empire in  exchange fo r  
th e  p ro te c tio n  o f  p ro p erty  and o f  m erchants a g a in s t mauraders and 
fo re ig n  invaders.
S ig n if ic a n t ly , c e n tr a l iz a t io n  involves th e  c re a tio n  o f  coord inated  
u n its  and a  nunber o f  c e n tra l iz e d  u n its  may be them selves involved  
in  coord inated  netw orks w ith  each o th e r . The ev o lu tio n ary  process 
t h a t  ccncem s i t s e l f  w ith  th e  e v o lu tio n  o f  power i s  described  by 
Adams th u s:
"L evels n e c e s s a r ily  r e f l e c t  n o t on ly  d i f f e r ­
e n t ia t io n  o f  power bu t a lso  th e  r e l a t iv e  
co n cen tra tio n  o f  power. When new power e n te rs
38Ib id . p. 60.
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a  system , th e  amount o f  power a t  th e  to p  w il l  
in c rease  d isp ro p o rtio n a te ly , and th e  p o s s ib i l ­
i t y  o f  forming y e t fu r th e r  le v e ls  w il l  a lso  
in c re a se . The mechanism by which th i s  occurs 
a re  most commonly a llo c a te d  and e x p lo ita t iv e  
power, ( i . e . ,  th e  few can take o r rec e iv e  some 
from th e  many; de legated  power, on d ie  o th e r  
hand, n e c e ssa r ily  lead s to  d e c e n tra liz a tio n , 
d isp e rsa l o f  decision-m aking to  low er l e v e ls ) .
To speak o f  l e v e l s , th e n , i s  to  speak o f  a  
phenomenon th a t  i s  n e c e s sa r ily  p resen t in  any 
so c ie ty  wherein th e re  i s  any a llo c a tio n  o r  
g ran tin g  o f  power a t  a l l ;  and t h i s  means a l l  
human s o c ie t ie s .  L evels, however, a re  p a r t i ­
c u la r ly  a n a ly tic a l ly  u se fu l a s  power in  a  
system  in c re a se s . I t  i s  h e re , where th e  various 
sources and bases o f  power nay be obscure , th a t  
i t  i s  th e re fo re  both  u se fu l and necessa ry  fo r  
th e  a n a ly s t to  seek ou t the  o rd er o f  a c to rs  
w ith  re sp e c t to  each o th e r . "39
As a  r e s u l t  o f  demographic growth, o r  th e  in crease  in  th e  number and 
in te n s i ty  o f  people in  in te r a c t ic n ,  th e  problem o f  a r t ic u la t in g  
re c ip ro c a l r e la t io n s  i s  ra is e d  to  h ig h e r le v e ls  in  term s o f  th e  
c re a tio n  o f  new coord ina ted  u n i ts .  Thus, a t  the  low est le v e l ,  t h a t  
o f  th e  dom estic m i t ,  re c ip ro c a l  r e la t io n s  a re  coo rd ina ted  "through 
t e r r i t o r i a l  e x c lu s iv ity , ccnsanguineal and a f f in a l  r e la t io n s ,  l in g u is ­
t i c  s im i la r i t i e s  and d iffe ren c e s"  which, in  the  t r a n s i t io n  to  a  
band-type so c ie ty , a re  r a is e d  to  a  more c e n tra l iz e d  le v e l  o f re c ip ro ­
c a l  r e la t io n s .
S im ila rly , w ith  th e  expansion o f  bands a  re l ia n c e  on a  v a r ie ty  
o f  s o c ia l  l in k a g e s , s p e c i f ic a l ly  by way o f  power a l lo c a t io n s , r e s u l te d  
in  chiefdoms:
I
39I b id . p . 81. 
1+0Ib id . p . 221.
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"The chiefdom s.. .in tro d u ce  a  new elem ent 
in to  th e  power scene..T he Big Man i s  a  
su rgen t band headman; he  does n o t have 
overwhelming power a u th o r ity ; b u t in s te a d  
o f  depending upon the  genera l consensus 
o f  band members, he has e s ta b lis h e d  a  
s e r ie s  o f  re c ip ro c a l r e la t io n s  w ith 
in d iv id u a ls . He uses th e  power a llo c a te d  u, 
to  him  to  gain more w ealth  a id  more pcwer."
There seems to  be enough evidence to  conalude t h a t ,  w ith  re sp e c t 
to  modem s o c ie t ie s ,  re c ip ro c a l r e la t io n s  have been s tru c tu re d  along 
th e  l in e s  o f  a  c e n tra liz e d  power u n i t .  The development o f  form al 
o rg a n iz a tio n s , exem plified  b e s t  perhaps by b u rea u c ra c ie s , seem to  
i l l u s t r a t e  t h a t  th e  more h ig h ly  evolved and s p e c ia liz e d  s tru c tu re s  
o f  a c t iv i t y  which pursue in tended  and conscious o b je c tiv e s  involve 
mere complex s tru c tu re s  which in te r - r e  l a t e  v a rio u s and d iv e rse  a c t i ­
v i t i e s  in  term s o f  a  h e ira rch y  o f  a u th o r i ty , o b je c tiv e  r u l e s ,  and 
p o s itio n s  f i l l e d  an th e  b a s is  o f  u n iv e r s a l is t ic  c r i t e r i a .  The problem 
o f  co o rd in a tin g  la rg e  s c a le  a c t i v i t i e s  invo lv ing  la rg e  nunbers o f  
in d iv id u a ls  seems to  re q u ire  th e  k in d  o f  s o c ia l  r e la t io n s  which a re  
s tru c tu re d  to  provide m otivation  fo r  performance cn: th e  one hand 
and a  framework which sy stem atizes a c t iv i t i e s  in  f u l f i l l i n g  a  desig ­
n a ted  goal o r  o b je c tiv e  on th e  o th e r .
In c reas in g ly  c e n tra l iz e d  pcwer r e la t io n s  a re ,  hcwever, n o t pu re ly  
a  fu n c tio n  and c h a r a c te r i s t ic  o f  form al p o l i t i c a l  s t ru c tu re s  such 
as t h a t  o f  government. As Levy s ta te s :
"Role d if f e r e n t ia t io n s  on th e  b a s is  o f  p o l i t i c a l  
a llo c a tio n  a re  c h a r a c te r i s t ic  o f  every o rg an i­
z a tio n  in  term s o f  which an in d iv id u a l o p e ra te s .
The g re a te r  th e  p ro l i f e r a t io n  o f  o rg an iza tio n s
41Ib id . pp. 231-232.
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in  term s o f  which th e  o rd in ary  in d iv id u a l 
o p e ra te s , th e  g re a te r  i s  th e  number o f  p o l i t i c a l  
r o le s  t h a t  he must coord ina te  in  some fash ion .
. . I n  r e la t iv e ly  modernized s o c ia l  con tex ts 
th ese  problems a re  m itig a ted  by th e  presence 
o f  s p e c i f ic  s tru c tu re s  more o r  le s s  c a re fu lly  
in c u lc a te d  cn th e  members."1*2
For example, Kenneth Boulding d iscusses various o rg an iza tio n s  
such as la b o r  un ions, bu sin ess  estab lishm en ts  and farm o rg an iza tio n s  
which a re  p a r t  o f  Hie "o rg an iz a tio n a l re v o lu tio n ."  Ihe  p o l i t i c a l  
a sp ec t o f  s o c ia l  l i f e  i s  n o t lim ite d  to  th e  s t a te  a lo n e , as in p o r t an t 
as th a t  i s ;  r a th e r ,  th e  " p o l i t i c a l  problem i s  one which i s  found in  
a l l  o rg a n iz a tio n s , whether church, s t a t e ,  f irm , union , lodge, o r
i|3
fam ily ."  Boulding n a te s  th e  p o in t th a t  th e  d is t r ib u t io n  o f  power 
may be  viewed in  term s o f  Hie m arket, which i s  th e  major instrum ent 
o f  th e  co o rd in a tio n  o f  hunan a c t iv i ty ,  o r  in  term s o f  le g a l  o r 
c o n s t i tu t io n a l  l im ita t io n s  on th e  ex e rc ise  o f  power on th e  p a r t  o f  
various spheres o f  so c ie ty .
To c i t e  one more exanple, B lau, in  a  study  o f  employment s e c u r i ty  
agencies, d iscovered  two opposing tendencies in  form al o rg an iz a tio n  
s tru c tu re  as a  r e s u l t  o f  d i f f e r e n t ia t io n .  Ch Hie one hand, la rg e  
s c a le  homogeneous types o f  a c t iv i ty  w ith in  d iv erse  u n i ts  o f  la rg e  
o rg an iza tio n s  s im p lify  su p e rv isio n  and re q u ire  a  low er a d m in is tra to r  
to  worker r a t i o .  Ch th e  o th e r  hand, th e  problems invo lved  in  coord­
in a t in g  heterogeneous a c t i v i t i e s  between u n i ts  o f  Hie e n t i r e  organ­
iz a t io n  tends to  r a i s e  th e  numbers o f  superv iso ry  p e rso n n e l. Gener­
^ L e v y , M odernization and th e  S tru c tu re  o f  S o c ie t ie s . • p . 215.
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a t in g  d i f f e r e n t ia t io n ,  la rg e  s iz e  seems to  r a i s e  th e  number o f  s t r u c t ­
u re s  re q u ire d  to  m aintain  a  coo rd ina ted  and fu n c tion ing  o rg a n iz a tio n . ^  
The p o in t  thus f a r  has been w ith  th e  s t r u c tu r a l  c h a r a c te r i s t ic s  o f  
in te g ra tio n  a long  th e  l in e s  o f  developing power s t ru c tu re s .  In  the  
growth and development o f  human s o c ie t ie s  th e re  has been a  general 
evolvement o f  pcwer by which a  m ajo rity  o f  th e  whole focus t h e i r  
re la t io n s h ip s  on a  m inority . Im p lic it  in  th e  d iscussion  which viewed 
power in  term s o f  re c ip ro c a l r e la t io n s  i s  t h a t  th e  p u rs u i t  o f  one 
in d iv id u a l 's  o r  g roup 's i n t e r e s t  imposes l im ita t io n s  on th e  p u rs u i t  o f  
th e  in te r e s t s  o f  o th e rs . The in c re a s in g  s iz e ,  d iv e r s i ty  and in c rease  
o f  s c a le  which has been p a r t  o f  th e  ev o lu tio n ary  p rocess seems to  be 
accompanied by h ig h e r le v e ls  o f  power co o rd in a tio n  and c e n tra l iz a tio n  
as in d ic a te d  by M ams. A lso im p l ic i t  i s  t h a t  in c re a s in g  autonomy in  
th e  immediate r e la t io n s  o f  in d iv id u a ls  has been accompanied by an 
in c re a s in g  subord ina tion  to  th e  w ider r e la t io n s h ip s .  I t  i s  a  p o in t 
made by R edfie ld  who, c i t in g  various s tu d ie s  in  anthropology, suggests 
t h a t  th e  moral s o l id a r i ty  found in  p r im itiv e  s o c ie t ie s  and which was 
based  on moral and re l ig io u s  values has been rep laced  in  modern so c ie ­
t i e s  by subo rd in a tio n  and a  s o l id a r i ty  based on th e  "eco lo g ica l-eco ­
nom ic-sym biotic," o r  a  k ind  o f  in terdependence.1^
The o th e r  p e rsp ec tiv e  o f  le v e ls  o f  in te g ra t io n  has to  do w ith  
fu n c tio n . Whereas s o c ia l  r e la t io n s  as s tru c tu re s  i s  an a n a ly tic
^ P e t e r  B lau, "A Formal Theory o f  D if fe re n tia tio n  in  Organ­
iz a tio n s "  American S o c io lo g ica l Review 35:2:201-218. 1970,
45Robert R ed fie ld , "Levels o f  In te g ra tio n  in  B io log ica l and 
S o c ia l Systems" in  W alter Buckley, ed. Modem Systems Research For 
th e  B ehavioral S c ie n t is ts  (A ldine P ub lish ing  Co.: Kew York . 1958J p . 68.
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way to  conceive o f  p a r ts  o f  a  so c ie ty  r e la te d  t o  o th e r  p a r t s ,  here  
one i s  concerned w ith  th e  a n a ly t ic a l  o b se rv a tio n  of th e  r e la t io n  o f  
iiie  p a r ts  to  the  whole. Which i s  to  say , what a re  th e  consequences 
o f  th e se  s t ru c tu re s  f a r  th e  s o c ie ty  i t s e l f ?  The focus i s  th e re fo re  
on s o c ia l  o rg an iz a tio n . The fundamental consequences which these  
s t ru c tu re s  o f  r e c ip ro c a l  power r e la t io n s  m y  have i s  th e  in te g ra tio n  
o f  so c ie ty . S tru c tu re s  nay se rve  to  provide an in c lu s io n  o f  member­
sh ip  and p a r t ic ip a t io n  in  th e  so c ie ty  by way o f  c o n fe rr in g  o r  form al­
iz in g  s ta tu s .  The obverse o f  t h i s  i s  to  do away w ith s t a tu s  u n ce rta in ­
ty  whereby th e  in d iv id u a l, group, o r  any o th e r  s o c ia l  u n i t  remains 
in se c u re , u n c e rta in , o r  t o t a l l y  segregated  so f a r  as p a r t ic ip a t io n  
in  th e  l i f e  o f  a  s o c ie ty  i s  concerned. The development o f  s o c ia l  
s t r u c tu re s  such a s  lab o r un ions, a s s o c ia tio n s , and p o l i t i c a l  p a r t ie s  
in  modem s o c ie t ie s ,  fo r  example, i s  c lo se ly  r e la te d  t o  th e  fa c t  t h a t  a 
s o c ie ty  and i t s  economic, p o l i t i c a l ,  r e l ig io u s  and ed u ca tio n a l i n s t i t u ­
t io n s  d id  no t probably  provide in d iv id u a ls  w ith  adequate s ta tu s  o r  a  
sense o f  sharing  in  th e  s o c ie ta l  rewards and b e n e f i ts .  O rganization 
b rin g s  rew ards, m a te r ia l  b e n e f i ts ,  a  sense o f  s t a tu s ,  and a  degree o f  
power. Such rew ards and b e n e f i ts  a re  gained by re c ip ro c a l pcwer r e l a ­
t io n s h ip s  which u ltim a te ly  prov ide  o p p o rtu n itie s  fo r  pu rsu in g  various 
in te r e s t s  as w ell a s p rov id ing  l im ita t io n s  so t h a t  th e  r ig h ts  and d u tie s  
o f  o th e rs  are  p reserved .
Ihe  in c lu s io n  o f  d i f f e r e n t ia te d  a c t i v i t i e s  and s t r u c tu r e s ,  however, 
in v o lv es more o f  an em p irica l r a th e r  than lo g ic a l  q uestion  o f  whether 
d i f f e r e n t  s t ru c tu re s  perform ing s p e c if ic  fu n c tio n s  a re  in  f a c t  fu n c tio n ­
a l l y  in te g ra te d . T hat i s ,  among a  m u lt ip l ic i ty  o f  r o le s ,  groups,
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o rg an iza tio n s  and in s t i tu t io n s  in  so c ie ty , each pursu ing  in te r e s ts  
and goals which a re  s a l ie n t  to  t h e i r  own p a r t ic u la r  e x is te n c e , i s  
th e re  complementarity? The concept o f  com plexity th u s  ‘ involves a 
framework: o f  s tru c tu re s  which, d i f f e r e n t ia te d  as th ey  a re  in  modem 
s o c ie t ie s ,  p rovide an o v e ra ll  co n sis ten cy  and c o n tr ib u tio n  to  th e
I
m aintenance o f a  so c ie ty  o r , a t  l e a s t ,  curbs th e  n e g a tiv e  e f f e c ts  
o f  a  m u lt ip l ic i ty  o f  a c tio n  frameworks.
Energy and Complexity
As a  consequence o f  th e  development o f  need , i t  has been suggest­
ed t h a t  a  d i f f e r e n t ia t io n  o f  s t r u c tu r e ,  o r ie n te d  p a r t ic u la r ly  around 
economy evolved which made p ro d u c tiv ity  more e f f i c i e n t  and which 
provided  an a b so lu te  in c rease  in  th e  amount o f  a v a ila b le  energy.
Y et, t h i s  d i f f e r e n t ia t in g  p rocess has a lso  involved  and demanded 
q u a l i ta t iv e  changes in  o rg an iz a tio n  in  two re s p e c ts .
F i r s t ,  th e  e f f o r t  to  a t t a in  g re a te r  y ie ld s  o f  energy from th e  
environm ent no doubt involved th e  c re a tio n  o f  more so p h is t ic a te d  
techno log ies which, in  th e  p rocess o f  t h e i r  development, re q u ire d  
more la b o r  power t o  b u ild  and app ly . Ih e  d iffe re n c e  between a  hun ting  
and g a th e rin g  so c ie ty  where alm ost everyone could make o r  r e p l ic a te  
a  e p ea r o r  bow and a  more so p h is t ic a te d  food p roduction  so c ie ty  
in v o lv in g  i r r ig a t io n ,  fo r  exanp le , dem onstrates t h a t  th e  l a t t e r  n o t 
on ly  re q u ire s  more la b o r  cooperation  b u t a lso  th e  a b i l i t y  to  c o n tro l 
access to  b a s ic  re so u rce s . Whatever person o r  group may own t h i s  
" tech n o lo g ica l c a p i ta l"  o r  l im i t  aooess to  i t s  use in  e f f e c t  s e ts  th e  
s tag e  fo r  a  new k ind  o f  p o l i t i c a l  o rg an iz a tio n . The o th e r  s id e  o f
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th e  coin o f  t h i s  i s  t h a t  i t  would in e v ita b ly  take some group o r
in d iv id u a l to  manage and coord inate  th e  k ind  o f  cooperative  lab o r
involved in  la rg e  sc a le  techno log ies such a s  i r r ig a t io n  to  g a t g re a te r
y ie ld s  o f  energy-resources from -the environm ent. No doubt, s c a rc i ty
o f  energy-re  source s in flu en ced  n o t cn ly  th e  development o f  technology
but th e  r i s e  o f  coo rd ina ted  and c e n tra l iz e d  power s tru c tu re s  th a t
could enab le  such tech n o lo g ies  to  be b u i l t  and ap p lied . This i s  a
p o in t t h a t  P ried  makes in  a d d itio n  to  recognizing  th a t  a s  one proceeds
from e g a l i ta r ia n  to  s t a t e  s o c ie t ie s  th e re  i s  a  corresponding g re a te r
use and e x p lo ita t io n  o f  resou rces ooncommitant w ith  more permanent
lifiand a  g re a te r  d en sity  o f  se ttlem e n t.
Secondly, th e  e f f o r t  to  c u l t iv a te  and in crease  lo y a l t ie s  and 
a  subord ina tion  to  th e  w ider more genera l s t ru c tu re s  runs tip a g a in s t 
what Boulding term s l im i t in g  f a c to r s . As s o c ie ta l  expansion p roceeds, 
th e  p r in c ip le  o f  an in c re a s in g ly  unfavorable s o c ia l  environment 
opera tes s tro n g ly  in  p rov id ing  re s is ta n c e  as i t  begins to  touch upon 
a c t i v i t i e s  and s tru c tu re s  which are  o r ie n te d  to  o th e r  va lues and 
go a ls . Moreover, a s  s o c ie ta l  expansion proceeds, an in c re a s in g ly  
unfavorab le  in te rn a l  s t ru c tu re  r e s u l t s  because i t  becomes more and 
more d i f f i c u l t  to  provide and m ain tain  adequate communication between
li7la rg e  and d iv erse  numbers o f  people.
What has opera ted  to  expand th e  l im i ts  in  b o th  cases i s  tech ­
n o lo g ic a l development which u ltim a te ly  reduced geographical d is tan ce
^ 6P rie d , The E volu tion  o f  P o l i t ic a l  S o c ie ty , pp. 191, 1*16.
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and, more im portan tly , so c ia l d is ta n c e . The development o f  the  
r a i l r o a d ,  th e  autom obile, te lephony , rad io  and te le v is io n ,  n o t to  
mention h igh  speed p r in tin g  p re sse s  a re  more than  simply inven tions 
in  th e  modern w orld; they  a re  in  a  so c ia l s t ru c tu ra l  sense f a c i l i ­
ta to r s  o f  s o c ia l  o rg an iz a tio n .
Furtherm ore, b esid es tech n o lo g ica l innovation , th e  innovation  
in  o rg a n iz a tio n a l s k i l l s  has served  to  push back the l im its  th a t  
Boulding ta lk s  abou t. The in c lu s io n  o f  d iv erse  elem ents in to  a  
more general network whereby d iv e r s i ty  does n o t allow  c o n f l ic t  and 
c o n p e titio n  to  run rampant has involved sp e c ia liz a t io n  in  o rgan iza tion  
and "o rd erin g  s tru c tu re s"  i t s e l f .  Such sp e c ia liz e d  agencies may 
provide m otivation  to  support more general and in c lu s iv e  goals an 
the one hand and function  to  prov ide  o p p o rtu n itie s  a s  w ell as l im ita ­
t io n s  in  th e  p u r s u i t  o f  in te r e s t s  on th e  o th e r  hand, lb  t h i s  way o f  
th in k in g , such sp e c ia liz e d  mechanisms are  what Adams p o in ts  to  in  
h is  le v e ls  o f  in te g ra t io n , lb  quote Adams again:
"R e s tr ic tio n s  on popu lation  expansion ( e i th e r  
human o r  extra-human) apply to  the  s p e c if ic  
technology and s o c ia l  r e la tio n s h ip s  known to  
th e  peop le . The p re ssu re  r e s u l t in g  from 
expansion a g a in s t r e s t r i c t io n s  can be so lved  
th ro u ^ i tech n o lo g ica l and /o r so c io lo g ica l 
innovation . T echnological innovation  nay 
succeed in  e lim in a tin g  th e  r e s t r i c t i o n ,  o r  
i t  may provide a  s u b s t i tu te  th a t  perm its th e  
popu lation  to  continue to  expand, b u t w ith 
new _ a d d it io n a l ' c o n tro ls  over th e  environment 
(power has a lso  been in c re a se d ) . S oc io log ica l 
innovation  s im ila r ly  may produce an in c rease  
in  c o n tro l o r  power t h a t  perm its pushing a s id e  
o r e lim in a tin g  th e  r e s t r i c t i o n s ;  o r  i t  m y  
le a d  to  an in te n s i f ic a t io n  o f  th e  use o f  power 
w ith in  th e  group such th a t  g re a te r  in te rn a l
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48power perm its g re a te r  d en s ity  o f  p o p u la tio n ."
In s h o r t ,  what Adams i s  say ing  i s  th a t  tech n o lo g ica l and so c ia l  
s t r u c tu r a l  development bo th  nay broaden th e  l im i ts  o f  th e  environm ent.
The a s so c ia tio n  between energy tran sfo rm ation  and le v e ls  o f  i n te ­
g ra tio n  which Adams p re se n ts  i s  schem atica lly  i l l u s t r a t e d  in  F igure 9.
I t  becomes e v id en t from t h i s  f ig u re  t h a t  Adams im p lic i t ly  considers the  
growth and development o f  power in  terms o f  le v e ls  o f  in te g ra tio n  as 
be ing  made e n e rg e tic a lly  p o ss ib le  by th e  in c re a s in g  use o f  energy. In 
term s o f  th e  amount o f  energy a v a ila b le , th e  more energy th a t  i s  a v a i l­
a b le  beyond th e  immediate needs o f  in d iv id u a ls , the  more energy a so c i­
e ty  has fo r  o rg a n iz a tio n a l s tru c tu re s  to  be c re a te d  and m aintained. 
Coordination and c e n tra l iz a tio n  re q u ire  energy fo r  o rg an iz a tio n  in  
supporting  sp e c ia liz e d  s t ru c tu re s .
S o c ie tie s  have been involved in  a  g radual s h i f t  from one way o f  
e x p lo it in g  th e  environment t o  another and w ith  each s te p  th e  energy- 
resou rce  base expanded. The re c ip ro c a l r e la t io n s h ip s  between p ressu re  
on reso u rces  which was la rg e ly  a  r e s u l t  o f  popu la tion  growth and 
d e n s ity  on th e  one hand, and popu lation  expansion due to  th e  fu r th e r  
e x p lo i ta t io n  o f  th e  p ro sp ec tiv e  functions o f th e  environment on the  
o th e r  hand had the  o v e ra l l  e f f e c t  o f  an increase  in  s c a le  whereby power 
s tru c tu re s  evolved to  c o n tro l access to  scarce  re so u rces . Moreover, th e  
la b o r  investm ent req u ire d  to  b u ild  and apply th e  techno log ies o f  ev er- 
in c re a s in g  sc a le  le d  to  a  re o rg a n iz a tio n  o f  s o c ia l  re la t io n s h ip s  whereby 
s p e c ia liz e d  ro le s  were coo rd in a ted  to  perform  complex ta s k s .  In  b r i e f ,  
s t ru c tu re s  o f  in te g ra t io n  evolved on an in c re a s in g  s c a le .
4®Adams, Energy and S tru c tu re , p . 291,
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FIGURE 9
SCHEMATIC MDIEL OF THE EVOLUTION OF POWER
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Inform ation
Inform ation  means e s s e n t ia l ly  " to  im part form" and should  be 
viewed as a  p ro p erty  o f  s o c ia l  phenomena r a th e r  than  as a  commodity. 
Inform ation  involves a  s e t  o f  ru le s  Which a r t i c u la te  a  s t ru c tu re .
In  b io lo g ic a l  organism s, to  say  th a t  l i f e  forms have in fo rm ation  
i s  to  say th a t  th e  g e n e tic  s tru c tu re  i s  c h a ra c te riz e d  by a  s e t  o f  
r u le s  (ENA) which a r t i c u la te  a  s t ru c tu re  o f  th e  organism  in  term s 
o f  i t s  growth p o te n t ia l ,  mass, and l i f e  p ro cesses . With reg a rd  to  
th e  s o c ia l  environment o f  man, c u ltu re  i s  th a t  s e t  o f  ru le s  which 
a r t i c u la te s  th e  s t ru c tu re  o f  human re la t io n s h ip s  and t h e i r  dynamics. 
Such ru le s  a re  symbolic and make them selves m an ifes t in  language and 
norm ative systems o f  behavior. To s t a te  th a t  human s o c ie t ie s  possess 
in fo rm ation  i s  to  pe rce iv e  th a t  s o c ie t ie s  a re  s tru c tu re d , o rgan ized , 
and have a  network o f  r e la t io n s  between s o c ia l  u n its  based  on c e r ta in  
r u le s .  Inform ation  in  th e  sense o f  im parting  form s ig n i f ie s ,  w hether 
by way o f  ENA in  organisms o r  symbols in  c u ltu re ,  an a r t i c u la t io n  o f  
r e la t io n s h ip s  th a t  makes up a  s tru c tu re  w ith  d e f in i t iv e  b o u n d arie s .
In form ation  flows re p re se n t the  o bserva tion  th a t  in fo rm ation  i s  
tra n sm itte d  in te rg e n e ra t io n a l ly , In  th e  case o f  th e  organism , th e  
coded in fo rm ation  in  th e  form o f  ENA i s  tra n sm itte d  to  th e  n e x t 
g en e ra tio n . In  a  sen se , ENA may be viewed a s  a  tem plate by which 
r e p l ic a t io n  in  th e  rep roduction  p rocess i s  p o ss ib le . In  th e  so c ia l  
environm ent, in fo rm ation  as a  b eh av io ra l design ( o r  a  s e t  o f  ru le s )  
i s  tra n s m itte d  and t r a n s fe r r e d  p r im a rily  through s o c ia l iz a t io n  i n t e r ­
g e n e ra tio n a lly . However, in fo rm ation  t r a n s f e r  in  s o c ia l  environm ents
127
may a lso  be tra n s fe rre d  in tra g e n e ra tic n a lly . In  th e  f i r s t  in s tan c e , 
a  behav io ral design i s  acquired  and rep resen ts  th e  "handing down o f 
experience."  In the  second in s tan c e , a behav io ral design i s  acquired  
through a  process o f  d iffu s io n  o r  a  "handing over o f  experience."
In both cases , what i s  involved in  th e  tran sfe ren ce  i s  e s s e n t ia l ly  
symbols which a re  acquired  through lea rn in g . In both  the  b io lo g ic a l 
and s o c ia l ,  tran sfe ren ce  o f inform ation is  always accompanied by 
seme degree o f  inform ation lo s s ,  d is to r t io n , o r  "n o ise ."
What i s  meant by inform ation le v e ls  in  th e  d iscussion  to  follow
i s  the  complexity o f  th e  behavioral design i t s e l f ,  s p e c if ic a lly  w ith
regard  to  th e  ru le s  involved. In the  l iv in g  organism , fo r  exanple,
th e  c e l l  does n o t con ta in  a l l  th e  sp e d if ic  inform ation to  generate
an a d u lt bu t r a th e r  a  b a s ic  and general oode C o r  the  ru le s  by which
more s p e c if ic  ru le s  o r  inform ation is  g en era ted ). In th e  so c ia l
environment, inform ation as a  behav io ral design does n o t n e c e ssa r ily
involve a  d e ta ile d  map by which so c ia l  u n its  r e l a te ;  r a th e r ,  th e re
seems to  be a  h e ira rch y  o f  ru le s  a t  the  top o f  which e x is t  c e r ta in
49basic  ru le s  by which o th e r , more e x p lic i t  ru le s  are  derived .
Such ru le s  which inform  the c h a rac te r  o f  ru le s  a t  lew er le v e ls  may 
be viewed s t ru c tu ra l ly  as seme s o r t  o f  "basic  granniar."
Dunn provides a  f o u r - le w l  heirarchy  o f  ru le  s tru c tu re s  invo lv ing , 
f i r s t ,  a  s in g le  ru le  o r  s e t  o f  ru le s .  Ch th is  le v e l  th e re  i s  a  
tendency tcward b inary  d if f e r e n t ia t io n  (yes-no, m inus-plus) and rep ­
re se n ts  a  case where behavior o r  inform ation i s  d e te rm in is t ic a l ly '
^B uck ley , Sociology and Modem Systems Theory, pp. 51-52.
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ro o ted  accord ing  to  an e x p l i c i t  s t ru c tu re  o r  design. On th e  opposite  
end o f  th e  h e ira rc h y  th e  fo u rth  le v e l  i s  ch a rac te rize d  by a  ’'th i r d -  
o rd e r” s e t  o f  r u le s .  On t h i s  l e v e l ,  ru le s  a re  more e l a s t i c  and general 
and perm it v a rio u s  conb ina tions and recom binations o f  lo w e r-le v e l ru le s  
and involve a  g re a te r  d isc rim in a to ry  c a p a c ity . The f i r s t  le v e l  Dunn 
c h a ra c te r iz e s  as an "algorithum 11 -  "a  technique o r  mechanism .which 
p re sc r ib e s  hew to  reach  a  f u l ly  sp e c if ie d  g p a l .”^  More complex ru le  
s t ru c tu re s  on th e  fo u rth  le v e l  a re  what Dunn terms ’’h e u r is t ic "  and they  
sp ec ify  a  method o f  behaving which w i l l  ten d  towards a  goal which cannot 
be p re c is e ly  s p e c if ie d  "because we know what i t  i s ,  b u t n o t  where i t  
i s . " 51
Although t h i s  a n a ly t ic a l  concept o f  le v e ls  was c o n stru c ted  by Dunn
w ith  th e  problems o f  modern-day in fo rm ation  p rocessing  systems in  mind,
i t  o f fe rs  i t s e l f  a s  a  u se fu l device fo r  p o in tin g  out th e  d iffe re n c e s
between r ig id  and f le x ib le  behav io ra l designs which guide rep ea ted
cho ices o f  a c tio n  o r  p a tte rn s  o f  th in k in g , f e e l in g , and behaving in  a
so c ie ty . I t  i s  somewhat analogous to  what i s  involved in  Parsons'
th eo ry  o f  e v o lu tio n a ry  change whereby value p a tte rn s  en la rg e  o r  expand
in  o rd e r to  le g itim iz e  a  w ider v a rie ty  o f  goa ls  and b eh av io rs , thereby
allow ing  v a lu e s , b e l i e f  system s and ideology to  become more g en era lized
52and more in c lu s iv e .
F in a lly ,  in form ation  p rocessing  r e f e r s  to  s e le c tiv e  a c t iv i ty
50Edgar S. Dunn, J r . , S o c ia l Inform ation  P rocessing  and S t a t i s -  
t i c a l  Systens-Change and Reform. (John Wiley and Sans : tlew York. 197U)-  
p . 37.
51S ta f fo rd  Beer, Ihe  Brain o f  the  Firm . (McGraw-Hill: New 
York. 1972) pp . 68-69.
52
Parsons, S o c ie t ie s . p . 23 .
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among a l te rn a t iv e  s t im u li  whereby a  choice i s  made w ith  regard  to  
e f f e c t in g  a  b eh av io ra l design . The s e le c tic n  p rocess may r e f e r  to  
a  s e le c tio n  i t s e l f  from a  number o f  p o ss ib le  a l te rn a t iv e s  o r  to  a  
s e le c tio n  o f  a c t i v i t i e s ,  responses, id e a s , and procedures which 
conplement, re in fo rc e  o r  a re  com patible w ith  a ru le  s tru c tu re  th a t  
i s  ta]<en as a  standard . P rocessing  th u s  involves d ec is io n s  w ith 
re s p e c t  to  a  number o f  symbols.
Having defin ed  th e  b a s ic  term s to  be  used in  th e  d iscu ssio n s to  
fo llow , i t  i s  suggested t h a t  so c io c u ltu ra l  evo lu tio n  has involved 
an ev o lu tion  o f  Cl) inform ation  flows in  term s o f  a  g re a te r  d i s t r i ­
b u tio n  and in te n s i ty  th a t  culm inates in  a  w ider sh a rin g  o f  v a lu es, 
id e a s , b e l i e f s ,  and norm ative system s, (2) in form ation  le v e ls ,  whereby 
b eh av io ra l designs o r  norm ative systems become p a tte rn e d  a f t e r  more 
g en era lized  and in c lu s iv e  v a lu es, b e l i e f s ,  and id e a s , and (3) in f o r ­
m ation p ro cess in g  which invo lves decision-m aking w ith  re sp ec t to  goa ls  
and paradigms a f fe c t in g  l a r g e r  communities o f  people a s  a  whole.
Thus f a r ,  in  d isc u ss in g  s o c ia l  d i f f e r e n t ia t io n  and com plexity, th e  
focus has been la rg e ly  upon so c ia l  s t ru c tu re s  which e la b o ra te  in  
response to  th e  development o f  need. Thus, a  so c ie ty  reo rgan izes 
and re s t ru c tu re s  i t s e l f  in  o rd e r  to  in c rease  i t s  energy cap tu rin g  
dev ices and to  expand th e  q u a n tity  o f  a v a ila b le  energy so th a t  more 
work can be perform ed. Im p lic it  in  t h i s ,  however, i s  th e  idea  t h a t  
th e  development o f  need proceeds along th e  l in e  o f  o b je c ts  th a t  men 
v a lu e . Hence, w hile  people o rgan ize  th in g s  in  accordance w ith t h e i r  
n eed s, i t  should  be no ted  t h a t  symbols d i r e c t  and o rgan ize  thoughts.
In  form ation , th e re fo re , i s  h e re  viewed as. a  s t ru c tu re  o f  c u ltu re .
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C ulture As O rie n ta tio n  For Inform ation
As i t  was s ta te d  in  th e  beg inn ing , the  expanding e x p lo ita tio n  
o f  the  p ro spec tive  functions o f  th e  environment made th e  growth 
and development o f  human s o c ie t ie s  e n e rg e tic a lly  p o s s ib le . As 
energy re p re se n ts  th e  cond ition  fo r  evo lu tionary  development, in f o r ­
mation may be viewed as a  cy b ern e tic  mechanism which c o n tro ls  and 
d ir e c ts  th e  e v o lu tio n a ry  p ro cess .
Inform ation in  a  genera l sense r e f e r s  e s s e n t ia l ly  t o  c u ltu re . 
Discussed somewhat a t  len g th  in  th e  preceeding pages was th e  id ea  
o f  evo lu tionary  development spurred  on by the  development o f  need. 
Need, hcwever, goes beyond mere su rv iv a l and in c lu d es  th e  o b je c ts  
o r  th ings t h a t  men value. Need, th e re fo re , i s  r e l a t iv e  and even 
su rv iv a l i s  a r t i c u la te d  w ith re s p e c t to  c e r ta in  v a lu e s , b e l i e f s ,  and 
id eas.
B io log ical e v o lu tio n  involves a  minimum o f  energy requirem ents 
fo r  the  su rv iv a l o f  th e  organism  and a  tendency to  maximize energy 
flows in  an ecosystem  as i t  was suggested  by Lotka. But so c io c u ltu ra l  
evo lu tion  allow ed nan to  expand h is  eco lo g ica l n iche  by cap tu ring  
g re a te r  q u a n ti t ie s  o f  a v a ila b le  energy over and beyond th a t  req u ire d  
f o r  su rv iv a l and t h i s  invo lves th e  f a c t  th a t  nan i s  an in form ation  
reo e p to r, p ro ce sso r and t r a n s m it te r  a t  a  le v e l  beyond t h a t  o f  any 
l i f e  form.
There has been s u f f ic ie n t  documentation o f  th e  f a c t  o f  th e  
development o f  w r i t in g , a r t ,  and th e  spread  o f  th e s e  through in c reas­
in g ly  a v a ila b le  forms (from cave a r t  to  canvas and w r it in g  in  stone
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to  p rin te d  m atter) a l l  o f  which a re  assoc ia ted  w ith th e  expansion o f  
c iv i l iz a t io n .  As empires th a t  were p a r t  o f  Rome, Mesopotamia, and China 
expanded, fo r  exanple, oonutunication systems developed along w ith le g a l  
codes and s c r ip t ,  money, and formal lews which were necessary  in  admin­
i s t r a t i n g  and c o n tro llin g  la rg e  t e r r i t o r i e s  c h arac te rized  by a  s e t t l e -
53ment p a tte rn  o f  sem i-iso la ted  ham lets, v i l la g e s ,  and towns. As
Steward and Shinkin n o te , "the  evo lu tion  o f communication has been a
c r i t i c a l  fa c to r  in  th e  changes in  many aspec ts  o f  c u ltu re"  in  ad d itio n
to  th e  f a c t  t h a t  th e  w ritte n  word has functioned as a  s ta b i l iz in g  and
54norm ative fa c to r  in  c u ltu ra l  development.
I f  in form ation , which w i l l  be defined  subsequently , can be viewed 
in  a  general way as involving symbols which give some form o r  s tru c tu re  
to  behav io r, than such th in g s  as ideology and re lig io n  may a lso  be 
included in  what i s  termed " in fo rm ation ."  Ideology, fo r  in s tan c e , may 
be viewed as p rov id ing  th e  m otivational scheme fo r  people in  a  so c ia l
55environment to  do what must be done a t  any given p o in t o f  development. 
Ideology may function  as a  r a t io n a le  fo r  so c ie ta l  change as w ell a s fo r  
m aintaining a  b e l i e f  system  and behav io ral framework in  accordance w ith 
■the d ic ta te s  o f  so c ia l r e a l i t y .  R elig ion , lik e w ise , viewed as b e l i e f  
and dogma i s  in form ation . In  i t s  more id eo lo g ica l sense , re lig io n  has
CO
A. J .  Toynbee, A Study o f  H isto ry . (Abridgement o f  Volumes 
VII-X by D. C. Somervell. Oxford U niversity  Press: New York. 1957) 
Chapter 25,
54J .  H. Steward and D. B. Shimkin, "Some Mechanisms o f  Social 
Evolution" Proceedings o f th e  American Academy o f  A rts  and Sciences 
9 0 :4 7 7 -4 9 7 .  1 9 6 1 . p .  487.
55W. Goldschmidt, Man's Way: A Preface to  th e  Understanding 
o f  Hunan S ociety . (R inehart and Winston: New Vork. 15591 p . l8t).
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as i t s  r e f e re n t  some "u ltim a te  r e a l i ty "  fo r  a  c o l le c t iv i ty  which 
p rov ides inform ation about th e  non-physical environment and which 
d i r e c ts  th e  m otifs and m otivation  o f  persons and groups. Sociolog­
i c a l ly ,  in fo rm aticn  about sacred  th in g s  i s  shared  in fo rm ation  among 
persons which provides a  sense o f  shared  experience and mutual 
e x p ec ta tio n  fo r  b e h a v io r .^
A ll o f  th ese  -  language, w rit in g , a r t ,  ideo logy , 1 aw, and 
re l ig io n  -  a re  in  a  g en eric  sense p a r t  o f  a  c u l tu r a l  c o n fig u ra tio n  
which i s  acqu ired  by le a rn in g  and which serves as a  p a tte rn  on which 
behav io r i s  based . Technology, as no ted  p rev io u s ly , i s  p a r t  o f  t h i s  
con f ig u ra tio n  a ls o  fo r  w hether one i s  concerned w ith  techn iques p e r 
se o r  w ith  th e  refo rm ation  o f  m ate ria l in  th e  form o f  -tools and 
m achines, one i s  e s s e n t ia l ly  p o in tin g  to  th e  fu nc tion  o f  an id ea  
which becomes p a r t  o f  knowledge and which can be used to  r e s t ru c tu re  
th e  environm ent. The function  o f  technology has a lread y  been d i s ­
cussed , b u t i t  may be in s t ru c t iv e  to  add th a t  in  ad d itio n  t o  being  
a  " t r ig g e r  mechanism" to  re le a s e  g re a te r  amounts o f  energy from th e  
environm ent, th e  feedback flows as d ep ic ted  in  Figure 1 a lso  re p re se n t 
flew s o f  in fo rm aticn .
Since Dunn’s Economic and S ocial Development o f f e r s  some very 
in te r e s t in g  insig jh ts in to  th e  n a tu re  and ro le  o f  in fo rm ation  in  the
ev o lu tio n ary  p rocess in  human s o c ie t ie s ,  th e  fo llow ing  d iscu ss io n
57r e l i e s  h e a v ily  upon t h i s  work.
CC 4
R. Cbulborn, The O rigin o f  C iv iliz e d  S o c ie t ie s . (P rinceton  
U n iv e rs ity  P ress: P rince ton . 19595 pp. 159-131.
57Edgar S. Dunn, J r .  Eoonond.c and Social Development.
(John Hopkins P re ss : Baltimore" 1971)
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I t  would be a  m isunderstanding o f  a d ap ta tio n  to  suggest th a t
b io lo g ic a l organisms simply adapt p a ss iv e ly  to  t h e i r  environm ents. The
adap tive  process i s  n o t something simply inposed upon th e  organism  by 
58th e  environm ent. Organisms do change t h e i r  environm ents as v e i l  as 
seek o u t d i f f e r e n t  environm ents which a re  more su i ta b le  f a r  them. 
A daptation  i s  th e re fo re  an in te ra c t io n  between organism and th e  env iron­
ment by which th e  m utual func tions o f  each a re  f u l f i l l e d .  Most, i f  n o t 
a l l ,  organisms th e re fo re  have th e  g ene tic  c a p a b il i ty  to  (1) produce 
in fo rm ation  about t h e i r  environments through th e  sen ses. The senses 
o p e ra te  as p e rc ep to rs  and re c e p to rs  o f  environm ental s t im u li .  Organisms 
a ls o  have the  c a p a b il i ty  to  (2) p rocess in fo rm ation  by " se le c tin g "  among 
a l te rn a t iv e  s t im u li  and by memory o r  s to rage  o f  p rev ious experience in  
o rd e r to  (3) r e a c t  o r  a c t  upon th e  environm ent through various forms o f  
a c t iv i ty .  Such a c t iv i t y  involves e f f e c to r s  which in  essence invo lves 
th e  organism  in  an e x p lo ita t io n  o f  th e  environment vhereby i t  develops 
i t s  own p a r t ic u la r  n ich e . These c a p a b i l i t i e s  a re  b io lo g ic a l ly  programm­
ed to  a  la rg e  e x te n t and g e n e tic a lly  determ ined in  what has been c a l le d  
" in s t in c t . "  B io lo g ica l in fo rm ation  o f  th e  organism  i s  th e re fo re  
la rg e ly  g en e tic  which in flu e n ce s  th e  kind  and degree o f  in form ation  
th a t  can be produced from th e  environm ent, th e  way and nanner in  which 
such in form ation  i s  p rocessed , and th e  r e s u l ta n t  behav io r. The fa c t  
th a t  organisms can modify t h e i r  behav io r to  some e x te n t i s  what Dunn 
sees a s  behav io ra l re-programming and re p re se n ts  a  le a rn in g  system.
^®Sinpson, The Major F ea tu res  o f  E vo lu tion , pp. 182-183,
^Dunn, Economic and S ocial Development, p . 76f.
At the le v e l  o f  the husnan so c ia l environm ent, the process 
o f evo lu tion  involved n o t only lea rn in g  about th e  p hysica l 
environment b u t th e  s o c ia l environment as w e ll. That i s ,  as 
man developed a  network o f  so c ia l  re la t io n s  i t  was Im p lic it 
in  th e  p rocess th a t  le a rn in g  and responding a c t iv i t i e s  Included 
le a rn in g  about and responding to  members o f  h is  own sp ec ie s .
The sharing  o f  experience and o f  a c t iv i ty  allowed the inform ation 
pool to  be shared . The poo ling  o f memory o r  experience meant 
th a t  in d iv id u a ls  o r  groups d id  no t have to  have d i r e c t  experience 
o f  each o th e r ’s h is to ry ; experience could be "experienced” v ic a r -  ■ 
io u s ly  and in d ire c t ly  v ia  sh arin g  w ith o th ers  the unique problem 
encountered and the  kinds o f  so lu tio n s  derived . From a  purely  
so c io lo g ic a l p e rsp ec tiv e , the  s a l ie n t  fea tu re  in  th i s  process i s  
th e  experience In group cooperation and adaptive behavior. 
E ventually  " o ra l  t r a d i t io n " ,  lim ite d  as i t  was, became co d ified  
in  a r t ,  w r it in g , p r in tin g  and f in a l ly  more so p h is tic a te d  forms 
o f  c o d if ic a tio n  and sto rage  which no t only allowed Inform ation 
to  be d is tr ib u te d  more w ide ly , bu t a lso  more d i r e c t ly  w ith  a 
minimum o f d is to r t io n .
But th i s  i s  not a l l .  For as g ene tic  change in  b io lo g ic a l 
evo lu tion  involves a  p rocess o f  n u ta tio n  and recontoination, i t  . 
can be seen th a t  th e  poo ling  o f  experience i s  n o t simply cumulative 
b u t may involve q u a li ta t iv e  change as w e ll. This p ro cess , what 
Dunn terms "sociogenesis” , i s  e s s e n t ia l ly  "idea mutation',' the 
combination and recom bination (inven tion) o f  id ea s , experience 
and in fo rm ation  in  general which i s  le s s  random and le s s  w astefu l
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60than  g en e tic  change. Moreover, i t  ex p la in s why c u ltu ra l  evo lu tion  
was com paratively  ra p id  in  t h a t  change nay tak e  p lac e  in th e  s o c ia l  
"phenotype" a s  w ell as in  th e  "genotype."
Thus, what i s  involved  in  s o c ia l  evo lu tion  i s  e s s e n t ia l ly  a  
le a rn in g  process e x h ib ite d  in  th e  growth and development o f  c u ltu re  
wherepy man n o t on ly  transform ed th e  environment in  accordance w ith 
need , b u t a lso  transform ed h is  behav io r in  term s o f  g re a te r  o rgan i­
z a tio n  and more so p h is t ic a te d  s tru c tu re s  o f  cooperation .
The r e la t io n  o f  in d iv id u a ls  to  th e  non-human environment and 
t h e i r  in c re a s in g  immersion in  a  more populated  and in te n se  so c ia l  
environment composed o f  th e  behaviors and responses o f  o th e rs  a re  
two s ig n if ic a n t  fa c to rs  t h a t  a re  invo lved  in  a  feedback p ro cess  t h a t
" le d  to  a  s u b s ta n t ia l  p ro g ressiv e  accum ulation o f  id eas  and behaviors
61and to  p ro g ress iv e  le v e ls  o f  s o c ia l  advance," Furtherm ore, s ta te s  
Dunn,
"Applied as a  t o t a l  p ro cess , so c ia l  lea rn in g  
can be d ire c te d  to  the  shaping o f  b e h av io ra lly  
p a tte rn e d  environm ents in  c o n tra s t  to  th e  slow er 
emergence o f  environm entally  p a tte rn e d  behavior 
more common to  h i s to r y ."62
Such a  feedback p rocess may be viewed as in p u ts  and ou tpu ts o f  
in fo rm ation  w ith  re s p e c t t o  the  so c ia l  environm ent whereby th e  environ­
ment i s  ev a lu a ted  and a c te d  upon to  m aintain  o r  to  change th e  n a tu re  
o f  f u r th e r  in p u ts  in  o rd e r  to  change th e  environm ent i t s e l f .  This
60Ib id . pp. 81-82.
6-kcbid. p . 99.
62Ib id . p. 99.
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i s  involved , fo r  example, in  th e  in te rp la y  between goals and id ea s .
The prim ary goal o f  any organism o r  system  such a s  a  human so c ie ty
i s  t h a t  o f  su rv iv a l. However, human so c ie ty  involves a  h e ira rch y  o f
goa ls  beyond t h i s  which become more e lu s iv e  and conplex, comparable
perhaps to  Mas lo w 's  h e ira rch y  o f  needs fo r  th e  in d iv id u a l from th a t
o f  p h y sic a l and s a fe ty  needs ( o r  goals) to  th e  need f a r  s e l f - a c tu a l -  
* f i3iz a t io n . The development o f  need f o r  s o c ie t ie s  may involve" th e  
genera tion  o f  new id eas  ( i . e . ,  technology, s o c ia l  o rg an iz a tio n  and 
m o tiv a tio n a l mechanisms) fo r  th e  a tta inm en t o f  p re sen t o r  fu tu re  
go a ls . But, converse ly , th e  generation  o f  new in fo rm aticn  in  term s 
o f  new id eas  and values nay serve  to  e v a lu a te  needs and goals t h a t  
o p era te  in  the p re se n t. A p a r t ic u la r  ca se , fo r  example, can be made 
f o r  t h i s  in  th e  re c e n t question ing  o f  th e  goal o f  "p rogress" in  
in d u s t r ia l iz e d  s o c ie t ie s .  The continued growth o f  consum er-oriented 
in d u s tr ia l is m  which rises v a s t amounts o f  reso u rces w a s te fu lly  i s  
h ig h ly  su sp ec t. Thus, ev o lu tio n ary  development involves a  s e le c tio n  
p ro cess  in  term s o f  ev a lu a tin g  and choosing a p p ro p ria te  in d iv id u a l 
and s o c ia l g oa ls .
Dunn views th e  ev o lu tion  o f  nan in  term s o f  th resh o ld s . .th a t 
re p re se n t s ta g es  t h a t  have e s ta b lis h e d  them selves in  th e  course o f  
human h is to ry  thus f a r .  Phylogenesis r a is e d  th e  g e n e ra liz in g  cap ac ity  
o f  th e  nervous system  to  th e  p o in t where sym bolization became p o s s ib le . 
At t h i s  s tages sym bolization  allowed man to  in te r p r e t  th e  meaning o f  
environm ental s t im u li  and to  e s ta b l is h  h im se lf  in  an o rdered  r e l a t i c n -
E d itio n . Van N ostrand Company:
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sh ip  to  i t .  The second th re sh o ld  i s  when th e  sh arin g  o f  experience in  
th e  s o c ia l  environment provides a  somewhat unconscious and und irec ted  
ev o lu tio n ary  advance. The t h i r d  th resh o ld  re p re se n ts  a  s ig n if ic a n t  
breakthrough in  th e  conscious understanding  and a p p lic a tio n  o f
• » fillexperience to  d i r e c t  th e  course o f  ev o lu tion  i t s e l f .
A view o f  the  r o le  o f  in fo rm ation  in  so c io c u ltu ra l  evo lu tio n  on 
a  le s s  a b s tra c t  le v e l  e n te r ta in s  th e  v a rious fa c e ts  o f  c u ltu re  as they  
a re  more cojimonly understood. In  p r e l i te r a t e  s o c ie t ie s ,  f o r  example, 
r e l ig io n  was an Im portant a sp ec t o f  s o c ia l  in te g ra tio n  and c o n tro l.
What gave s tru c tu re  to  th e  p r im itiv e  in  a  c u l tu r a l  sense was a  c lo se  
network o f d i r e c t  commmication based in  k in sh ip  and re ly in g  on a 
d i r e c t  co n ta c t between h im se lf and o thers in  th e  oomnunity. Often 
t h i s  was based upon a  shared experience o f  th e  "u ltim a te ."  Moreover, 
s o c ia l  c o n tro l mechanisms la rg e ly  operated  through a f a i r l y  t ig h t  
s o c i a l i 2a t io n  p ro ce ss . Although in fo rm ation  flows in  term s o f  the  
"handing down" and "handing over" o f  experience were r e la t iv e ly  h igh  
among sm all in te r a c t in g  groups t h a t  comprised e g a l i ta r ia n  s o c ie t ie s ,  fo r  
example, in fo rm ation  le v e ls  were no doubt r e la t iv e ly  s p e c i f ic .  That 
i s ,  r e l ig io n ,  b e l i e f  system s, id e a s , and values were f a i r l y  c ircum scrib ­
ed  and s o c ia l  s o l id a r i ty  was more o r  le s s  based  on a  comnonly accepted 
m oral code. Moreover, in form ation  p rocessing  in  term s o f  th e  degree 
to  which d isc rim in a tio n s  were made among environm ental s t im u li  was 
l im ite d , s p e c i f ic a l ly  w ith  reg a rd  to  s o c ia l  a l te rn a t iv e s  fo r  
o rg a n iz a tio n . Decision-m aking was a  r e la t iv e ly  sim ple process
61+Dunn, Economic and S o c ia l Development, pp. 262-264.
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since  th e  v a r ie t ie s  o f  ru le  s tru c tu re s  and a lte rn a t iv e s  fo r  behavior 
were few.
As s o c ie t ie s  expanded q u a n ti ta t iv e ly , boundaries en la rged  by 
which networks o f  coimrunication became extended over broad t e r r i t o r i a l  
a re as . As was th e  case in  the  development o f  exosomatic means ( i . e . ,  
technology) to  expand man's p h y sica l c a p a b ili ty  in  e x p lo itin g  th e  
n a tu ra l environm ent, so "exo-mental" means were developed to  extend 
men's c a p a b ili ty  over "the s o c ia l  environment in  handling problems o f
CC
organ ization  and c o n tro l. Ihe development o f  w ritin g  and o f  formal 
law a s  opposed to  custom were im portant fa c to rs  in  extending a 
paradigm o f  behavior where k insh ip  was no longer th e  so le  b a s is  
fo r  e x e r tin g  in fluence  and m ain tain ing  some degree o f  n o rn a tiv ity . 
Cases e x is t  where empires th a t  expanded even tually  f e l l ,  n o t only 
because o f  resource u n a v a ila b ili ty , b u t due to  a  fundamental lack  
o f  a b i l i t y  to  c re a te  o r  m aintain adequate coim unications networks 
to  c o n tro l p e rip h e ra l communities o r  towns. Even more so was th e  
problem w ith re sp e c t to  inco rpo ra ting  d if f e r e n t  peoples o f  d iverse  
c u ltu re s  in to  an empire through conquest o r  m ig ra ticn . A ra is in g  
o f  th e  le v e l  o f  inform ation to  more h e u r is t ic  types was necessary  i f  
conso lidation  and in c lu s io n  was to  be su ccessfu l.
A good example o f  t h i s  involves th e  re l ig io u s  development in  
I s r a e l . in  which th e re  was ev iden t an in c reas in g ly  genera lized  b e l i e f  
system  upon th e  Hebrew occupation o f  Canaan. The inco rpo ra tion  o f 
various re l ig io u s  p ra c tic e s  and b e l ie f s  o f  the  n a tiv e  Canaanites
^ I b id .  p . 90.
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in to  Yahwism through a  long  process o f  syncre tism  ev en tu a lly  developed 
in to  a  monotheism and a  oonception o f  th e  even ts  o f  h is to ry  which, in  
essen ce , g e n e ra lize d  th e  value s tru c tu re  in to  such themes as th e  ju s t ic e  
and mercy o f  God, th e  love o f  o n e 's  ne ighbor, and th e  id ea  o f  n a tio n a l 
d e s tin y . G radually  a  m oral o rd e r developed independent o f  any p a r t ic u ­
l a r  p o l i t i c a l  o r  s o c ie ta l  o rg a n iz a tio n  and a  conception o f  God during  
th e  exodus as n o t j u s t  th e  I s r a e l i t e s '  God, b u t the God o f  a l l  n a tio n s  
and peop les.
In  more modem s o c ie t ie s ,  as Wiener p o in ts  o u t, th e  a c q u is i t io n ,
u se , r e te n t io n , and tran sm iss io n  o f  in form ation  i s  made p o ss ib le  on a
la rg e  sc a le  by th e  p re s s ,  ra d io , telephone and te le g ra p h , n a i l  d e liv e ry
fifisystem s, schools and th e  church. Moreover, as Boulding su g g e s ts , th e  
development o f  such means o f  communication which a re  in  essence in f o r ­
m ation flews p rov ides in  th e  o rg an iz a tio n a l re v o lu tio n  a  minimum of 
en tropy in  t h a t  th e se  p rov ide  a  means o f  more d i r e c t  communication as 
opposed to  d i s to r t io n  th a t  would occur in  a  communication chain  ( in fo r ­
mation passed  through s e v e ra l  channels b e fo re  i t  reaches i t s  in tended 
67r e c e p to r ) .
The development o f  sc ience  as a  form al, conscious process o f  
in fo rm ation  g a th e rin g  and p ro cess in g  re p re s e n ts , in  what Dunn would 
term  th e  11 s o c ia l  le a rn in g  m etaphor," .a fu r th e r  ex tension  o f  n a n 's  a b i l i ­
ty  to  sym bo lically  understand  h is  t o t a l  environment and t o  impose 
l im ite d  c o n tro l on i t .  Most re c e n tly , in  what might be term ed th e  
"second in d u s t r ia l  re v o lu tio n ,"  was th e  development o f  in form ation ,
CC___________________________________________ __
N orbert W iener, C y b ern e tic s . (MIT P ress and John Wiley 
and Sons: New York. 1961) p .' 161.
67Boulding, The O rgan izational R evolution.
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machines or* computers which in c re a s in g ly  fu n c tio n  to  process v a s t 
q u a n ti t ie s  o f  in form ation  and serve  to  coord inate  and re g u la te  in c re as­
in g ly  complex s o c ia l  p rocesses such as those  invo lv ing  monetary 
exchange system s, tra n s p o r ta tio n  system s, and th e  economy o f  so c ie ty  
i t s e l f .  The r e a l  s ig n if ic a n c e  o f  th e  r i s e  o f computers in  m anagerial 
l e v e ls  o f  o rg an iz a tio n  i s  th a t  they  in d ic a te  a  conscious awareness 
th a t  decision-m aking encompasses a  v a s t a rra y  o f  in form ation  ahout 
th e  p h y sica l and s o c ia l  environment and evidence an in c re a s in g
CO
r a t i o n a l i ty  in  p lanning and decis  ion-making i t s e l f .
The p o in t  o f  t h i s  e n t i r e  d iscu ssio n  i s  th a t  s o c io c u ltu ra l  evolu­
t io n  has involved  an in c re a se  in  in form ation  flow s, a  r a i s in g  o f 
in fo rm ation  le v e ls  to  h ig h e r  degrees o f  g e n e ra l i ty , and an in c rease  
in  in form ation  p rocess ing . T ogether, they  have involved a  q u a l i ta t iv e  
change in  the  behav io ra l desigp o r  framework which informs s o c ia l  
behav io r, lb  s ta te  th a t  a  so c ie ty  "has in form ation" i s  to  s ta te  th a t  
s o c ia l  re la t io n s h ip s  a re  based  on symbols which convey a  s e t  o f  ru le s  
th a t  g ive form, o rd e r , and d ire c tio n  to  such re la t io n s h ip s .  Thus, 
w hether in fo rm ation  i s  viewed as flows ( s o c ia l iz a t io n ,  ed u ca tio n , 
mass media, e t c . ) ,  s to ra g e  ( l ib r a r ie s  and d a ta  banks), le v e ls  (sim ple 
versus more g en era lized  r u le s ,  h e ira rc h ie s  o f  v a lu e s , e t c . ) ,  o r  
p rocesses (decision-m aking), one i s  d ea lin g  in  th e  f in a l  a n a ly s is  
w ith  a  b eh av io ra l design  -  a  c u l tu r a l  c o n fig u ra tio n  th a t  c o n s tra in s  
and m otivates the  behav io r o f  s o c ie ta l  components to  a c tio n  modes
CQ
F r i tz  Machlup, The Production and D is tr ib u tio n  o f  Knowledge 
in  th e  U nited S ta te s . (P rince ton  U n iv e rs ity  P ress : P rin ce to n . 1965) 
p . 3l3'.
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69c o n s is te n t w ith  a  s e t  o f  g o a ls . The a c tio n  system  o f a  so c ie ty , 
r e f le c te d  in  i t s  s t ru c tu re  and o rg an iza tio n , i s  a  m an ifes ta tio n  o f i t s  
b eh av io ra l design  which i s  i t s  paradigm o f  consensus and change. In ­
form ation th e re fo re  r e l a te s  t o  a  symbolicr environment which gives
70form to  th e  r e la t io n  between s o c ia l  u n i ts .
I f  one views a so c ie ty  a s  a  v a s t communication network, s o c ie ta l
ev o lu tio n  has proceeded on th e  b a s is  o f  an expansion o f th e  network
conconmitant w ith  a  g re a te r  number o f people in  in te r a c t io n  and a
g re a te r  d e n s ity  o f  s o c ia l  exchange. As th e  so c ia l  environment becomes
more in ten se  in  term s o f an in c rease  o f  s c a le , g re a te r  in form ation  flows
become alm ost unmanageable u n less  th e re  i s  seme way o f a s s im ila tin g  o r
combining in fo rm ation  in to  more general c a te g o r ie s , frameworks, o r
le v e ls  where in fo rm ation  becomes o f  a more h e u r is t ic  ty p e  and le s s  o f
an a lg o rith m ic  ty p e . Furtherm ore, ev o lu tio n  i s  ch a rac te rize d  by a  more
en larged  and so p h is tic a te d  p rocessing  o f in form ation  invo lv ing  s e le c tio n
among means and goa ls  a l te r n a t iv e s .  As s o c ie t ie s  expand q u a n ti ta t iv e ly
and q u a l i ta t iv e ly ,  th e  more th e y  confron t problem s i tu a t io n s  which a re
e lu s iv e  o f,..so lu tions. With t h i s  being so , th e  le s s  can s o c ie t ie s  in
71th e  modem age r e ly  upon form al p re s c r ip t iv e  h e ira rc h ic a l  c o n tro ls .
O ther A spects o f  Inform ation
The r e l a t i v e ly  re c e n t d iscovery  and development o f cy b ern e tics
®®Michael P o lany i, " L if e 's  I r re d u c ib le  S tru c tu re"  Science 
160:1308-1312. 1968.
70C. C herry, On Human Communication. (Science E d itio n s: New 
York. 1961) p . 7. “
71Dunn, Economic and S o c ia l Development, p . 228.
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and inform ation theory  u t i l i z e s  the concept o f  inform ation in  a  much
more sp e c if ic  sense in  th a t  i t  i s  measured by i t s  "news value" o r
72p ro b a b ility  o f  s e le c tio n . The q u a n tita tiv e  measure o f  in fc rn a tio n  
i s  th e  b inary  in  i t  o r  " b i t . "  The g re a te r  th e  p ro b a b ility  o f  s e le c t­
ing  one choice among nany a lte rn a t iv e s  Cor, th e  g re a te r  th e  p re d ic t­
a b i l i ty ) ,  th e  l e s s  the  inform ation. "News" i s  new inform ation and 
suggests nove lty . The nathem atics involved in  cybernetics and inform ­
a tio n  theory  was an attem pt begun by H artley  to  q u a n tita tiv e ly
measure th e  se le c tio n  o f  s ig n s  and symbols th a t  a re  tran sm itte d , n o t 
73t h e i r  meanings. Thus, the  q u a n tita tiv e  measure o f  th e  amount o f
74inform ation came to  be expressed m athem atically. I t  i s  apparant 
t h a t  t h i s  m athem atical form ulation i s  s im ila r  to  th a t  f o r  the measure­
ment o f  entropy in  energy system s. For when entropy i s  considered 
as a  p ro b a b lis t ic  measure o f  randomness o r  d iso rd e r , what i s  being 
s ta te d  i s  th a t  cne becomes more ignorant and le s s  p re d ic tiv e  o f  any 
system as d iso rd e r in c reases . In  o th er words, entropy and in fo rn a tio n  
a re  two sides o f  th e  same coin  and the  measure o f  one i s  th e  negative
measure o f  th e  o th e r . I t  i s  fo r  th is  reason th a t  B rillo u in  coined
75the  term  "negentropy."
72J a g j i t  Singh, Great Ideas in  Inform at ion Theory, Language 
and C ybernetics. (Dover P u b lica tio n s: Jfew 'io rk . 1966) pp. 9-15.
"^R. V. L. H artley , "Transmission o f  In fo rnation" B ell 
System Technical Jbum al 7:535. 1928.
7UThe m athem atical formula fo r  inform ation i s  H = N Log S, 
where H = th e  q u an tity  o f  inform ation in  term s o f  p ro b a b ility , N = 
a  message o f  N sigps t h a t  i s  s e le c te d  from S, S = th e  a lphabet o f 
S s ig n s .
n r
L. B r i llo u in , Science and In form ation Theory. (Sedond 
E d itio n , Academic P ress : New York. 1362)
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As Singh p o in ts  o u t, th e  r e la t io n  between in form ation  and th e  
growing organism  may be viewed a s  an in te rp la y  between th e  in form ation  
o f  th e  organism and th e  energy th a t  i s  cap tu red  frcm th e  environm ent.
In  an organism, DNA o r th e  in fo rm ation  con ten t o f  g e n e tic  c h a ra c te r is ­
t i c s  provides th e  code and c o n tro l  fo r  enzyme a c t iv i t y  whereby captured  
energy allow s growth and development. L iving organisms avoid  en tropy 
by so r t in g  out neg a tiv e  en tropy from th e  environment v ia  th e  in form ation
system  o f  th e  organism. T his invo lves a  c y c lic  tran sfo rm a tio n  o f in fo r -
76n a tio n  in to  negentropy. In  th e  s o c ia l  environment to o , th e  growth and
development o f  s o c ia l  and c u l tu r a l  s t ru c tu re s  (low entropy) seems to  be
a sso c ia te d  w ith  an in form ation  s tru c tu re  t h a t  p rov ides th e  codes o r
symbols by which energy i s  cap tu red  and o rg an iz a tio n  develops.
A number o f sch o lars  in  th e  f i e ld  o f in fo rm ation  th eo ry  have
suggested i t s  p o ss ib le  use fo r  b eh av io ra l and s o c ia l  system s. B r illo u in
fo r  example n o tes  t h a t  ab so lu te  inform ation  ( in  a  b lu e p r in t f o r  a
machine, fo r  in s tan ce ) i s  in fo rm ation  which e x is ts  a s  long a s  one
in d iv id u a l has access t o  i t .  D is tr ib u te d  in fa rn a tio n , however, i s  th e
ab so lu te  in fo rm ation  m u ltip lie d  by th e  number o f  in d iv id u a ls  who
share  i t .  D is tr ib u te d  in form ation  corresponds t o  b ro ad castin g , t e l e -
77communications, p r in t in g , te a ch in g , a d v e r tis in g , e tc .
K arl Deutsch suggests t h a t  modem s tu d ie s  o f  communication engi­
neering  have shown p a r a l le l s  w ith  how s o c ie t ie s  o p e ra te . The 
concepts o f  purpose, le a rn in g , f r e e  w i l l ,  and s o c ia l  cohesion can be ■
76 Singh, G reat Ideas in  Inform ation Theory, p . 82.
77L. B r illo u in , "Thermodynamics and Inform ation  Theory" 
in  Buckley, Modern Systems Research fo r  th e  B ehavioral S c ie n t is t ,  
pp. 161-165.
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viewed d if f e r e n t ly  and perhaps q u a n tita tiv e ly  through th e  feedback
concept: ou tpu t energy i s  re tu rn ed  as input w ith consequences fo r  a o t i -  
. . .  78
v i ty  m odification . On a  more general le v e l ,  since  no way has y e t
been found to  apply th e  sp e c if ic s  o f  in fa rn a tio n  th eo ry  to  complex
behavior systems such as s o c ie t ie s ,  em pirical in d ices fo r  th e  r a te  and
v a r ie ty  o f inform ation could be th e  volume o f  n a i l ,  telephone c a l l s ,
79th e  volume o f m ate ria l s ta re d  in  l ib r a r ie s ,  and con ten t a n a ly s is .
At l e a s t  one study has attem pted to  dem onstrate em p irica lly  th e  
re la t io n  between inform ation d is t r ib u t io n  and economic development. In  
t h i s  case , inform ation i s  rep resen ted  by th e  growth o f  science as in d i­
ca ted  by th e  number o f  s c ie n t i f i c  jo u rn a ls  and, in te re s t in g ly , u t i l i z e s  
energy per c a p ita  as one in d ice  o f  economic development.®®
A w ell known so c io lo g ica l study o f  change in  th e  Middle East i s  
th a t  o f L e m e r 's  The Fussing o f T ra d itio n a l S o c ie ty . Developing 
modernity in  Turkey and Lebanon as compared to  o th er n a tio n s  in  the  
reg ion  was r e f le c te d  in  pronounced changes in  th e  a b i l i ty  o f ind iv idu­
a ls  to  be aware o f what was going on around them, in  t h e i r  a b i l i ty  to  
empathize and p a r t ic ip a te  in  th e  mainstream o f t h e i r  c u ltu re . S ig n if i­
can t was th e  change to  a  uniform language from a  d iv e r s if ie d  language 
c u ltu re , th e  r i s e  in  th e  number o f rad io  s ta tio n s  and re c e iv e rs , th e  
r i s e  in  th e  number and c irc u la t io n  o f  newspapers, and a ttendance
78K arl Deutsch, "Toward a Cybernetic Model of Man and Society" 
in  Buckley, Modem Systems Research, pp. 387-400.
^^Mervyn E. Cadwallader, "The Cybernetic A nalysis o f Change in  
Complex Social O rganizations" American Journal o f  Sociology 65:154-157 
1959.
on
B lu te , "The Growth o f  Science and Economic Development."
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a t  movie -theatres -  a l l  c o r re la te s  o f  an in c re as in g  eccncniic and 
s o c ia l  developmental p r o c e s s .^
What can be seen from th ese  s tu d ie s ,  th e n , i s  t h a t  th e  b a s ic  
p r in c ip le s  o f  cy b ern e tic s  and in fa rn a tio n  theory  can be ap p lied  th e o re t­
i c a l ly  in  a  genera l way to  the  understanding  o f  a  s o c ie ty  as a  system  
th a t  invo lves feedback loops fo r  behav io r m od ifica tion . Although 
in fo rm ation  theo ry  i s  n o t y e t  a p p lica b le  to  th e  study  Of s o c ie t ie s  
in  term s o f  a  q u a n ti ta t iv e  measure o f  p ro b a b il i ty  which measures "news" 
va lue , a  nurrber o f  s tu d ie s  have been oonducted u t i l i z in g  em pirica l 
r e fe re n ts  o f  in form ation  in  d ea lin g  w ith  s o c ia l  change. Thus, th e  
concepts o f  cy b e rn e tic s  and in  form at ion theo ry  o f f e r  th e  p o s s ib i l i ty  
o f  t h e i r  em p irica l a p p l ic a b i l i ty  to  an understanding o f  s o c io c u ltu ra l  
e v o lu tio n .
The Role o f  Inform ation
What ro le  then  does in form ation  p lay  in  evo lu tionary  growth and 
development so f a r  as human s o c ie t ie s  a re  concerned? I t  has a lre ad y  
been suggested th a t  in form ation  invo lv ing  th e  concept o f  sociogenesis 
re p re se n ts  a  c o n tro ll in g  fa c to r  which h as to  do w ith  th e  behav io ra l 
design  o f  a  s o c ie ty . The e x is te n ce  o f  unique c u ltu re s  can be exp la ined  
by a  r e la t iv e  i s o la t io n  o f  communities from o th e r  d i s t in c t  c u ltu re s  
and th e  consequent development o f  a  unique s e t  o f  v a lu e s , b e l i e f s ,  
and id ea s  which were evolved o u t o f  a  long  h is to ry  o f  s o c ia l  le a rn in g  
w ith in  a  p a r t i c u la r  environment w ith  a l l  i t s  a tte n d a n t problems and
®-*-Daniel L em er, The Passing  o f  T ra d itio n a l S o c ie ty > (The 
Free P ress : New York. 19557;
l im ita tio n s  upon a  population . On th e  o th e r  hand, d iffu s io n  o r 
c u ltu ra l  borrowing i s  r e a l ly  a  lea rn in g  process which occurs in t r a -  
g en era tian a l ly  and involves inform ation flows as outputs from one 
so c ie ty  and as in p u ts  to  another.
The essence o f  co n tro l l i e s  in  the  condition  o f th e  a c to r , 
w hether i t  be th e  in d iv id u a l o r  group, in  providing the  proper 
n o tiv a tic n , ju s t i f i c a t io n ,  and in s tru c tio n  vhich a re  sp e c if ic  to  th e  
b eh av io ra l design o f  a  so c ie ty . I n i t i a l l y  t h i s  involves an o r ie n ta ­
t io n  o f  th e  a c to r  to  the  norm ative s tru c tu re s  and value p a tte rn s  
th a t  takes p lace  through s o c ia l iz a tio n  in  the  fam ily and educational 
in s t i tu t io n s .  Control nay a lso  involve th e  t ra in in g , in d o c tr in a tio n , 
and in s tru c tio n  o f  an a c to r  th a t  gears him to  a  sp e c if ie d  performance 
on the m e  hand (vocation) and a  lo y a lty  to  in ta n g ib le  and general 
ideas and values which in  th e  f in a l  an a ly sis  grounds him in  a  world 
view th a t  i s  w idely shared an th e  o th e r  hand. In modem s o c ie t ie s ,  
such ideas as n a tiona lism , Marxism, democracy, freedom, brotherhood, 
and e q u a lity  a re  m an ifesta tions o f  a  deep underlying m o tif th a t  i s  
p resen t n o t only in  p o l i t i c s ,  schools and churches, but in  l i t e r a tu r e ,  
the  a r t s ,  and sc ience  as w ell -  a l l  o f  which propogate the  " f a i th 11 
in  some fashion o r  ano ther by inform ation d issem ination .
An in creasin g  d iv e rs ity  o f  so c ia l i n i t s  means a  d iv e rs ity  o f 
feedback c i r c u i t s .  A view o f  so c ie ty  as a  network o f  communication 
and inform ation s tru c tu re s  involves a lso  the  view o f  a  continuous 
in te rp la y  between even ts and t h e i r  evaluation  to  produce, m aintain , 
o r  change fu tu re  events in  accordance- w ith some o v e ra ll  goal. This
11+7
process tak e s  p lace  an a m u lt ip l ic i ty  o f  le v e ls ,  from the  group to  
th e  a s s o c ia t io n , from sim ple to  complex o rg a n iz a tio n s , and a l l  w ith in  
various i n s t i t u t io n a l  spheres which in  them selves a re  t i e d  to g e th e r  
by in form ation  exchanges. Ch a  s o c ie ta l  l e v e l ,  th e  m u lt ip l ic i ty  
o f  feedback c i r c u i t s  become v a s tly  complex as Figure Id  i l l u s t r a t e s .  
S o c io lo g ic a lly , th e  concern i s  how and w hether th ese  feedback c i r c u i t s  
o f  in  form ation conform to  some o v e r-a l l  c u ltu ra l  co n fig u ra tio n . Che 
might w e ll suspec t th a t  a t  t h i s  le v e l  th e  b eh av io ra l framework is  
q u ite  g e n e ra lize d , making o b so le te  th e  employment o f  e x p l ic i t  and 
sim ple s t a t i c  comnend and c o n tro l s t ru c tu re s  as Dunn su g g ests . Here, 
"there i s  evidenced a  g re a te r  independence w ith in  sp e c ia liz e d  subun its  
o f  a  s o c ie ty  bu t a t  th e  sane tim e a  g re a te r  interdependence between 
them. This i s  m anifested  in  a  g en era lized  lo y a lty  to  th e  o v e r-a ll  
v a lu e s , b e l i e f  system s, id eo logy , and goa ls o f  th e  s o c ie ty .-
A f in a l  p o in t has to  do w ith  th e  r e la t io n 1 between inform ation  
and energy tran sfo rm a tio n . There i s  a  d e f in i te  in te rp la y  between an 
in c re a se  o f  in form ation  and low entropy. In  the  b io lo g ic a l sense , 
th e  in form ation  p re sen t in' th e  organism i s  such th a t  i t  provides 
a  c a p a b il i ty  o f  avoid ing  en tropy by cap tu rin g  g re a te r  an o in ts  o f  e n e r­
gy from th e  environm ent. The s o r t in g  o f en erg y -rich  sources in  th e  
environm ent to  in c re a se  the  maximum energy flu x  fo r  th e  organism i s  
due to  th e  g e n e tic  make-up which t e l l s  th e  enzyme concerned what to  
do in  th e  p rocess o f  p ro te in  b u ild -u p . In th e  human so c ia l env iron­
ment, th e  m axim alization o f  energy flows i s  due la rg e ly  to  the  so r t in g
®^Singh, G reat Ideas in  Inform ation Theory, p .  82.
FIGURE 10
ENERGY ML INFORMATION FLOWS IN AN 
INDUSTRIALIZED SOCIETY
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o f  en erg y -rich  sources in  th e  n a tu ra l  environment according  to  an 
increased  sy irbolic  a b i l i t y ,  n o t only to  o rgan ize  f o r  c o lle c t iv e  g o a ls , 
b u t a lso  to  in te r p r e t  and r e a c t  upon th e  environment in  term s o f  i t s  
p ro sp ec tiv e  fu n c tio n s . Man today has no more to  work w ith  so f a r  as 
n a tu ra l  reso u rces  a re  concerned than h i s  fo rebears hundreds o f  thous­
ands o f years ago. The d iffe re n c e  i s  t h a t  in  the e v o lu tio n a ry  p ro cess , 
man has more f u l ly  developed an idea  fo r  what i s  p o ss ib le  in  h is  
l i f e  and what p lace  the  n a tu ra l  environment can p o ss ib ly  serve  in  
i t s  fu lf i l lm e n t.
In  a  more s p e c if ic  sense , however, th e  r e la t io n  o f  inform ation
83to  energy i s  t h a t  in form ation  flows a re  in  essence energy flow s.
Though o f  low in te n s i ty ,  any form o f  comnunication o r  flews o f  
inform ation such a s  th a t  i l l u s t r a t e d  in  F igure 10 u t i l i z e  energy 
fo r  tran sm iss io n , p ro cess in g , and re c e p tio n .
830dum, Environment, Power and S o c ie ty , p . 172.
CHAPTER FIVE 
THEORETICAL FORMULATION
The ev o lu tio n ary  process involved in  human s o c ie t ie s  has involved 
q u a n ti ta t iv e  as w ell as q u a l i ta t iv e  changes, o r  what has been terrred 
growth and development. The c o n stru c tio n  o f  a  theory  o f  th e  evo lu tion  
o f  hunen s o c ie t ie s  to  be p resen ted  h e re  i s  w ith  the  view th a t  in c re as­
ing energy conversion , o r  low en tropy  from th e  environment, i s  a s s o c ia t­
ed w ith in c re a s in g ly  improbable s ta te s  o f  s o c ia l  and c u l tu ra l  s t ru c ­
tu re s .  In  o th e r  words, in c re a s in g ly  inprobable  re la t io n s  develop and 
s t a b i l i z e  a s  energy conversion invo lves in c re a s in g ly  h ig h e r  q u a n ti t ie s  
o f  energy and energy flow s. From a  pu re ly  so c io lo g ica l p e rsp ec tiv e , 
a  given so c ie ty  emerges to  new le v e ls  o f  o rd e r  as a  popu lation  more 
thoroughly  and p e rv asiv e ly  maps i t s  behav io r to  a  norm ative design 
which i s  made p o ss ib le  e n e rg e t ic a l ly . From a more p h ilo so p h ic a l p o in t 
o f  view, th e  e n t i r e  e v o lu tio n a ry  p rocess invo lved  in  th e  un iverse  mani­
f e s t s  i t s e l f  as a  genera tion  o f  o rd e r , a  tran sfo rm ation  from simple to  
more complex s t a t e s ,  and an i r r e v e r s ib le  h i s to r i c a l  p rocess which i s  
" tim e 's  a rrow ."1
The view o f  th e  ev o lu tio n ary  p rocess p resen ted  h ere  involves a
so c ie ty  as a  s o c ia l  system , viewed therm odynam ically, as i t  involves
energy exchanges w ith  th e  environm ental system . A ssocia ted  w ith  energy
exchanges a re  c e r ta in  system  c h a r a c te r i s t ic s  which, as en tropy  in c re a se s ,
2
evolve in to  what Chodak term s an " in c re a s in g  sy s te im ess ."  I t  should be
1David Layzer, "Ihe Arrow o f  Time" S c ie n t i f ic  American 233 
December 1975. pp. 56-69.
2Chodak, S o c ie ta l Development.
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emphasized th a t  a  thermo dynamic view o f  anything i s  a  macroscopic view
fo r  o rd e r  i s  a  fu nc tion  o f  whole systems which take in to  account n o t
3
j u s t  some, b u t m ost, i f  n o t a l l ,  o f  th e  energy exchanges.
The concept o f  o rd e r  as a p p lied  to  huran s o c ie t ie s  i s  p a r a l le l  to  
i t s  a p p lic a tio n  to  any phenomena when such phenomena a re  viewed in  a  
system ic co n tex t. Order e s s e n t ia l ly  has to  do w ith 1) a  p lu r a l i ty  o f  
p a r ts  o r  u n i ts  2) arranged  in  such a  way t h a t  th e re  a re  exchanges o f  
inform ation  o r  energy among them which make th e  p lu r a l i ty  o f  p a r ts  
fu n c tio n a l and 3) which e x h ib i t  c o n tin u ity  over a  p e rio d  o f  tim e.
The view o f  a  so c ie ty  as o rd ered , th e re fo re ,  invo lves c lu s te r s  o f  human 
r e la t io n s  as s t r u c tu r e s ,  o rgan ized  in  such a  way th a t  in  form ation/energy 
exchanges among and between them provide fo r  th e  o p e ra tio n , ira in ta ia n c e , 
o r growth o f  a  popu lation  l iv in g  in  a  given environm ent, and which main­
ta in s  i t s  id e n t i ty  f o r  a  reasonab le  len g th  o f  tim e. O rder, th e re fo re ,
5
i s  e s s e n t ia l ly  system  and invo lves dynamic as w e ll as s t a t i c  concepts.
S o c ia l d i f f e r e n t ia t io n ,  com plexity, and inform ation  a re  s o c ia l  and 
c u l tu ra l  s t ru c tu re s  which, in  th e  ev o lu tio n ary  p ro ce ss , re p re se n t in ­
c re a s in g ly  improbable s t a te s  o f  system  o rd e r , o r  a  p r o l i f e r a t io n  o f 
systems w ith in  system s. Chodak r e f e r s  to  t h i s  as a  growing system ness:
_ 3lh e  seg reg a tio n  o f  en tropy  and growth o f  an organism  cannot 
be exp la ined  by p rocesses in  -the organism  a lone . In s te a d , i t  must be 
viewed a s  an open system  invo lv ing  energy exchanges w ith  i t s  envorcnment.
4See I r e d e l l  Jen k in s, "The Modern Distemper: Ihe  F a ilu re  o f
Puiposiveness" in  The Concept o f  O rder. E dited  by Paul G. K in tz. 
(U n iv e rs ity  o f Washington P ress : S e a t t le .  1968) pp . 427-441.
5
G erald R,. L e s lie , R ichard F. L arsen, and Benjamin L. Gorman, 
Order and Change. ( Oxford U n iv e rs ity  P ress: New York. 1973) P. m o .
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"Man d iscovered  th e  ex is ten ce  o f  a  s o la r  system, 
an e c o lo g ic a l system , and o th e r  systems in  t h e i r  
surroundings. They a lso  d iscovered  t h a t  they  
them selves a re  p a r t  o f  system s. S o c io cu ltu ra l 
system s in  which men l iv e  t r a n s p ire  in  th e  course 
o f  th e  d i f f e r e n t ia t io n  o f  sp e c ia liz e d  s o c ie ta l  ro le s  
re q u ir in g  conplem sntarity  and r e c ip ro c i ty  o f  o th e r  
s p e c ia l iz a t io n s  in  a  growing interdependence o f  
members, groups, and agencies o f  so c ie ty . They be­
come in c re a s in g ly  all-enoom passing as th e se  i n t e r ­
dependencies p r o l i f e r a te .  T his i s  th e  p rocess o f  
growing s o c ie ta l  systeim ess."®
T his view re p re se n ts  an isomorphism w ith  so c ie ty  th a t  r e s t s  n o t in  r e a l i -
7
ty  o r  co gn ition  bu t in  a  s e t  o f  r e la t io n s .  Thus, i t  i s  n o t to  be con­
s tru e d  th a t  d iso rd e r  in  term s o f  f a l l in g  to  conform f u l ly  to  th e  norma- 
t i v i t y  p re se n t in  a  so c ie ty  does n o t e x is t .  Nor should i t  be assumed 
th a t  s o c ie ta l  change i s  n e c e s sa r ily  o rd e r ly  from a  more m icroscopic p e r­
sp e c tiv e . What i s  im plied  i s  t h a t  d iso rd e r  in  c e r ta in  spheres o f  r e l a ­
t io n s h ip s  among in d iv id u a ls  may serve to  generate  o rd e r sy s te m a tic a lly  
and th a t  change in  a  system  im plies some d iso rd e r  in  th e  so c ie ty . The 
o rd e r l in e s s  o f  a  so c ie ty  as a  system  i s  determ ined by th e  r e la t io n s  
among s o c ia l  and c u l tu ra l  s tru c tu re s  a t  one p o in t in  tim e which give 
o p e ra tio n a liz a tio n  and in te g r i ty  to  i t .  Order in  a  system  i s  g re a te r  
th an  th e  sum o f  i t s  p a r ts  and system  o rd e r  can e x is t  in  s p i te  o f  th e  
d iso rd e rin g  e f f e c t s  i t  nay have on some a c to rs  w ith in  i t .
System Goals
Included in  many o f  th e  trea tm en ts  o f  s o c ia l  system  analyses i s
C
Chodak, S o c ie ta l Development. P. 68.
7B e rta la n ffy , General System Theory: Foundations, Development,
A p p lica tio n s . pp. 83-&T
8See L e s l ie ,  L arson, and Gorman, Order and Orange, pp. 142-1M-3. 
and C arl J .  F r ie d r ic h , "The D ia le c tic  o f  P o l i t ic a l  Orcfer and Freedom." 
in  The Concept o f  O rder. E d ited  by Kuntz. pp. 339-35^.
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th e  goal fu n c tio n  o f  system s. G oal-a tta inm ent, as no ted  by Parsons, 
fo r  example, serves th e  fu nc tion  o f  m ain tain ing  th e  d e s ire d  r e l a t ­
io n sh ip  w ith  th e  system  environment and o rgan iz ing  a c t iv i t i e s  fo r
g
th a t  purpose, a  ta s k  a sso c ia ted  w ith  th e  p o l i t i c a l  subsystem .
There i s  a  q u e s tio n , however, o f  whether a so c ie ty , much le s s
10an a b s tra c tio n  such as a  s o c ia l  system , can be  sa id  to  have g o a ls . 
In d iv id u a ls  in  term s o f  t h e i r  psycho log ical p re d isp o s itio n s  have 
d e f in i te  g o a ls , b u t can one ju s t i f y  th e  concept in  an in te r r e la te d  
s e t  o f  component w ithout any consciousness th a t  a  system  rep re sen ts?  
B oulding, fo r  in s ta n c e , s t a te s :
"The development o f  images o f  the  s o c ia l  fu tu re  
and o f  s o c ia l  se lf-u n co n sc io u sn ess , however, 
does no t n e c e ssa r ily  mean th a t  so c ie ty  and those 
who make d ec is io n s on i t s  b e h a lf  s e t  g o a ls , 
e s p e c ia l ly  u ltim a te  g o a ls , fo r  so c ie ty  to  
a c h ie v e .. .Even a s e l f  conscious s o c ie ty ,  th e re ­
fo re ,  does no t r e a l ly  proceed toward w e ll-  
defined  go a ls ; i t  t r i e s  r a th e r  to  proceed from 
day to  day in  a  d ire c tio n  i t  p e rce iv es  as 'u p '  -  
’u p , '  f o r  some s tran g e  reason , meaning b e tte r ." ^ -1
Boulding suggests  in s te a d  a  more r e a l i s t i c  concept -  "dynamic
ev a lu a tio n  fu n c tio n ."
The concept o f  system  g o a ls , however, has a d i s t in c t  value 
fo r  the  a n a ly s is  o f  system  s tru c tu re  and change as an a n a ly tic  
dev ice . As such, i t  suggests  th a t  system ic change and s tru c tu re s  
a re  n o t random events o r  arrangem ents o f  r e la t io n s  b u t a re  d ire c te d
q
Parsons, S o c ie t ie s , p . 7.
10L e s lle , L arson, and Gorman, Order and Change, p . 130.
■^Kenneth E. B oulding, lfNew Goals For Society?" in  Ehergy, 
Economic Growth, and th e  Environment. E d ited  by Sam H. S churr.
C John Hopkins U n iv e rs ity  P ress: B altim ore. 1972) p . l 4 l .
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by an ev a lu a tio n  o f  a  p resen t s t a te  o f  the system  in  terms o f
an o th er, more p re fe r re d  s t a t e .  P io t r  Sztompka has provided a  u se fu l
outlines o f  various systems models and t h e i r  assum ptions, one o f  them
12being  a  model o f  a  purposefu l system. The id e a  o f  a  s o c ia l  system
which e x h ib its  and d e riv e s  much o f  i t s  c h a ra c te r  from d ire c te d  and
purposefu l behavior i s  r e la t iv e ly  re c e n t. There i s  no one to  one
re la tio n s h ip  between in d iv id u a l a c t iv i ty  and the  functions
o f  systems un less some a c t iv i t i e s  and goals o f in d iv id u a l a c to rs  a re
s u f f ic ie n t ly  shared  by a  s ig n if ic a n t  number whereby "m otiva tion . .
( e x is ts )  fo r  th e  performance o f  th e  fu n c tio n a l r e q u is i te s  o f  th a t  
„14
s o c ie ty ."  Sztompka, in  h is  re fe ren ce  to  the  model o f  a  purposefu l 
system, d e fin e s  fu n c tio n  in  th is  contex t as "the e f f e c t  o f  a  given 
a c t iv i ty  on th e  r e a l iz a t io n  o f so c io c e n tr ic  purposes by the in d iv i­
dual . He s t a t e s :
" . . In d iv id u a l purposes o f  th is  ty p e , whose 
r e a l iz a t io n  i s  a  cond itio n in g  f a c to r  w ith 
re sp e c t to  th e  s a t i s f a c t io n  o f  fu n c tio n a l 
requ irem en ts , o r th e  a tta inm en t o r  main­
tenance o f  th e  p re fe r re d  s ta te s  o f  so c ie ty  
a s a  whole s h a l l  be re fe r re d  to  as so c io ­
c e n tr ic  purposes."
12P io tr  Sztompka, System and F unction . (New York: Academic 
P ress . 1974)
1^See, fo r  exairple: L enskl, Human S o c ie t ie s , Tfervyn Z. 
Cadwallader, "The Cybernetic A nalysis o f  Change In  Complex Organi­
z a tio n s ,"  American Jo u rn a l o f  Sociology 65: 1959. pp. 154-157* 
and Edgar S. Dunn, J r .  Economic and S oc ia l Development. (B altim ore: 
John Hopkins P re ss . 1971*5
i ii
Levy, The S tru c tu re  o f  S o c ie ty , p . 175.
IS^ Sztoppka, System and F unc tion , p . 115.
l6 Ib id . p . 114.
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The s ig n if ic a n c e  o f goals fo r  the  a n a ly s is  o f  system  ev o lu tio n  
l i e s  in  those in s tan ces  where a  c lo se  f i t  between the  s ta te  o f  
a f f a i r s  th a t  in d iv id u a ls  and groups in  a  so c ie ty  d e s ire  and those 
s ta te s  o f  a f f a i r s  which are  favorab le  fo r  the  o v e ra ll  growth, develop­
m ent, o r  maintenance o f  th e  system as a  c o l le c t iv i ty  o f  so c ia l  
components.
Nothing has been mentioned thus f a r  about in te n tio n  -  whether 
in d iv id u a l a c t iv i ty  in tends o r a n tic ip a te s  c e r ta in  consequences o f  
behav io r. A c lo se  correspondence may e x is t  between in d iv id u a l o r  
group in te n tio n  and a  s ta te  o f  a f f a i r s  which r e s u l ts  t h a t  i s  favorab le  
to  system o p e ra tio n . However, i t  may a lso  be dem onstrated th a t  a  
nurrber o f  unconscious, u n in te n tio n a l a c t i v i t i e s  on the p a r t  o f
v
in d iv id u a ls  a re  u ltim a te ly  fu n c tio n a l fo r  a  system ’s p re fe r re d  s ta te  
o r  a  change to  a  more p re fe rre d  s t a t e .  In  o th e r words, th e  c h a ra c te r  
o f  any p a r t i c u la r  so c ie ty  as a  system  may be a  function  o f  the  
consciously  expressed  w i l l  o f  a  c o l le c t iv i ty  o r  o f  unconscious, 
unplanned, and spontaneous a c t iv i ty .
I t  i s  an assum ption undertaken here  th a t  a  s ig n if ic a n t  p o rtio n  
o f  in d iv id u a l purposes a re  s o c lo c e n tr ic , although i t  i s  a lso  assumed 
th a t  a  number o f  in d iv id u a l purposes a re  e g o c e n tr ic , i . e . ,  e i th e r  
i r r e le v a n t  to  o r  dysfunctional fo r  the system. This i s  to  say th a t  
s o c ie t ie s  as systems m ain tain  them selves only in  so f a r  as a  c lose  
f i t  e x is ts  between in d iv id u a l goals and the  system p re fe rre d  s t a te  
and th a t  the  ro le  o f  deviance may u ltim a te ly  be fu n c tio n a l fo r  system
17change a s  w ell a s  d e c lin e .
System goals have as t h e i r  r e f e r e n t  th e  values t h a t  m otivate  
performance and as such a re  grounded in  what has been termed 
in fo rm ation . In  o rd e r  to  in c u r  s u f f ic ie n t  m otivation  and purposefu l 
b eh av io r, goals must be  f a i r l y  w ell a r t ic u la te d  by and fo r  a  
s ig n i f ic a n t  number o f  a c to rs  fo r  them to  be so c io c e n tr ic . In th e  
ev o lu tio n a ry  p ro c e ss , goals become more v a ried  and le s s  ta n g ib le  
and th e re fo re  r e q u ir e  a  more in te n se  and v a rie d  s o c ia l iz a tio n  process 
In  more modern s o c i e t i e s ,  fo r  example, one nay speak n o t only  o f  
goa ls  p e r ta in in g  to  su rv iv a l and ’u ltim a te  concerns1 ( i . e . ,  r e l ig io n )  
b u t a ls o  o f  th e  s t r iv in g  fo r  so c ia l  m ob ility  t h a t  involves achieved 
ro le s  grounded in  a  . s t r a t i f i c a t i o n  system  th a t  encourages competi­
t io n .  Moreover, th e r e  are  goa ls having  to  do w ith  p a r t ic u la r  
economic and p o l i t i c a l  ph ilo soph ies as w e ll as goals having  to  do 
w ith  s o c ia l  e g a lita r ia n is m  and personal freedoms. O bviously, th e  
long and prolonged le a rn in g  experience th a t  i s  p a r t  o f  form al edu­
c a t io n , job t r a in in g ,  and th e  le a rn in g  o f  o th e r  vocationa l and 
s o c ia l  s k i l l s  r e f l e c t s  in  modern s o c ie t ie s  th e  in form ation  flew s 
t h a t  a ttem pt to  d e a l w ith a  complex s o c ia l  system  w ith  in c re a s in g ly  
complex problems in  reach ing  o r  m ain tain ing  some p re fe rre d  so c ia l  
c o n d itio n ,
Ihe  development o f  need a s  a  r e s u l t  o f  resou rce  s c a r c i ty ,  and 
p a r t i c u la r ly  energy s c a r c i ty ,  has n o t on ly  to  do w ith  su rv iv a l bu t 
w ith  a  c u ltu ra l  p a t te rn  t h a t  d e fin e s  what i s  e s s e n t ia l  as w e ll.
17C ad fa llad er, "The C ybernetic  A nalysis o f  Change."
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As i t  has been d iscussed , new farms o f  so c ia l o rg an iza tio n  evolved 
h i s to r ic a l ly  as a ttem pts to  d ea l more e f fe c t iv e ly  w ith  the env iron­
ment and fo r  producing goods and se rv ice s  th a t  a re  valued. To 
s t a t e  th a t  d i f f e r e n t ia te d  s t r u c tu r e s ,  fo r  example, f in d  t h e i r  o r ie n t ­
a tio n  in  term s o f  the  economy i s  t o  reoognize a  prim ary value which 
i s  w idely  shared  and which i s  p e rvasive  throughout a  so c ie ty , namely 
th e  enjoyment o f  l i f e .  As a  primary value, i t  can be viewed as 
re p re se n tin g  a  goal t h a t  i s  w idely  shared  o r  as a  p re fe rre d  s t a t e  
o f  th e  s o c ie ty  as a system . The im portan t p o in t h e re  i s  th a t  values 
which become goals fo r  th e  in d iv id u a l a c to r  become napped as norma­
t iv e  s tru c tu re s  which a re  p a r t  o f  th e  behav io ra l design o f  a  s o c ia l  
system. Moreover, in form ation  flows in  a  so c ia l  system  a c t  as 
cy b ern e tic  feedback c o n tro ls  which enable a  system to  m aintain w ith in  
c e r ta in  degrees o f  freedom o r  to  re d e f in e  i t s  b eh av io ra l design hy 
e v a lu a tin g  and changing i t s  p re fe r re d  s ta te .
System Boundary
A boundary o f  any in te r r e la te d  s e t  o f  phenomena circum scribes
th e se  phenomena as a  system  accord ing  to  some design  which harnesses
on a  low er le v e l  p rocesses on which th e  design r e l i e s .  An organism,
fo r  exanple, works an two p r in c ip le s :  i t s  s t ru c tu re  which serves as
a  boundary co n d itio n , and th e  p rocesses which i t  harnesses by which
n 8i t s  s t ru c tu re s  perform  t h e i r  fu n c tio n s .
The boundary o f  a  s o c ia l  system  rep re sen ts  th e  d iffe re n c e  be­
tween those  elem ents and a c t iv i t i e s  th a t  a re  p a tte rn e d  and f a i r l y
■^Folanyi, " L if e 's  I r re d u c ib le  S tru c tu re ."
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re g u la r  a s  a g a in s t those t h a t  a re  u n p a ttem ed  and f a i r l y  random 
w ith  re sp e c t to  those elem ents t h a t  a re  considered  d e f in i t iv e  o f  
th e  system. A s o c ia l  system  re p re se n ts  a number o f  s t ru c tu re s ,  
c o n s titu te d  o f  autonomous a c to rs  in  p a tte rn e d  re la tio n s h ip s  accord­
in g  to  a  norm ative s tan d ard . As such, i t  re p re se n ts  an a c tio n  system 
which has in te g ra te d  th e  elem ents w ith in  i t  according to  some over­
a l l  d e s ig n . To quote Dunn, a  boundary,
" . .  i s  a  p a tte rn  t h a t  c o n s tra in s  th e  behavior 
o f  subsystem components to  a c tio n  modes 
c o n s is te n t w ith th e  design . In  e f f e c t ,  the  
system  boundary becomes id e n t i f ie d  w ith  th e  
concept o f  th e  c o n tro ll in g  paradigm  o r  meta­
phor. . . I t  i s  a  design f o r  behav io r t h a t  i s  
n o t red u c ib le  to  behavior o f  i t s  components 
o r  subsystem.
A s o c ia l  system  i s  in  i t s e l f  p a r t  o f  a. l a r g e r  ecosystem  which 
i s  comprised o f  th e  s tru c tu re d  r e la t io n s  between a l l  1 i f  e -fo rm s, 
in c lu d in g  inform ation  and energy exchanges among them which a re  th e  
p rocesses t h a t  a re  harnessed  to  make these  s tru c tu re s  fu n c tio n a l. 
Thus, what h as h e re to fo re  been term ed ' environm ent1 i s  r e a l ly  an 
ecosystem  in  which a  given so c ia l  system  fin d s  i t s  s e t t in g .  Since 
th e  focus i s  upcn s o c ia l  systems as open system s, th e  ecosystem  i s  
extraneous t o  i t  in  th e  sense t h a t  i t  rep re se n ts  an environment to  
i t .  As open system s, s o c ia l  systems a re  c h a rac te rize d  by energy 
exchanges w ith  th e  environment through gateways. A so c ia l  system  
rece iv es in p u ts  o f  low entropy from th e  eoosystem and re tu rn s  h igh  
en tropy to  i t  in  th e  form o f  waste and h e a t  as o u tp u t. Gateways a re  
th e  means by which energy and in fo rm ation  exchanges can take  p lace
•^Dunn, Economic and Social Development, p . 189.
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and a re  in  f a c t  ha rnesses o f  energy which convert low en tropy to  
h i$ i  en tropy .
U ti l iz in g  Parsons ' conceptual scheme o f  a  so c ia l  system , th e re
a re  o th e r  systems which a re  ' environm ental1 to  th e  s o c ia l  system
20which c o n s t itu te  a c tio n  system s. Ihe Behavioral-Organism  system 's 
dependence upon th e  p h y sica l-o rg an ic  environment o r  ecosystem p laces 
i t  in  d i r e c t  re la t io n s h ip  to  i t  and i s  su b je c t to  any environm ental 
f lu c tu a t io n . Technology i s  th e  means by which th e  m a te ria l b a se , 
s p e c i f ic a l ly  energy , i s  captured  and harnessed  to  meet defined  needs. 
An im portant concept d e lin e a te d  by Parsons i s  th a t  o f . "zones o f  i n t e r ­
p en e tra tio n "  -  a  "boundary between any p a i r  o f  a c tio n  systems 
(which) invo lves a  'zo n e ' o f  s tru c tu re d  components o r  p a tte rn s
21which must be t r e a te d  th e o re t ic a l ly  as common to  both system s."
With reg a rd  to  the  Behavioral-Qrganism , th e  development o f  need 
involves th e  c re a tio n  o r  adoption o f  technology and the  o rg an iza tio n  
o f  a c to rs  to  more p e rv asiv e ly  e x p lo i t  the  p h y sica l environment and 
to  in crease  energy flew s. G reater c o n tro l and e x p lo i ta t io n , however, 
invo lves technique and s p e c ia liz a tio n  o f  performance in  o rd e r to  
in crease  p ro d u c tiv ity ; both  involve th e  ro le  as a  s tru c tu re  o f  
ex p ec ta tio n  and performance which fin d s  i t s  re fe ren ce  in  the  s o c ia l  
system  in  term s o f  economy -  th e  p roduction  and d is t r ib u t io n  sub­
systems f o r  p rov id ing  d e s ired  and valued goods and se rv ic e s .
The P e rso n a lity  system  re p re se n ts  th e  prim ary agency o f  a c tio n
2DParsons, S o c ie tie s . Chapter 2. and T a lc o tt Parsons, Hie 
System o f  Modem S o c ie t ie s , (Englewood C l i f f s ,  New Je rsey : P re n tic e  
f M i 7 “ 1971) ~di"apter 2.-----
21Parsons, S o c ie t ie s ,  p . 6.
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in  a  s o c ia l  system . E s s e n tia l ly  th is  involves a  s ta tu s  o f  f u l l  mem­
b e rsh ip  and m o tiv a tio n a l commitments and lo y a l t ie s  to  th e  norm ative 
s tru c tu re s  o f  th e  s o c ia l  system. The p e rso n a lity  re p re se n ts  th e  
embodiment o f  in te rn a liz e d  and lea rned  behav io ra l commitments to  
ex p ec ta tio n  s tru c tu re s  in  a  so c ia l system. The way t h a t  a  ro le  i s  
p layed i s  inform ed by a  s e t  o f  ru le s  f o r  in te ra c tio n  th a t  d e fin e s  
re c ip ro c a l r e la t io n s .  Ihe  b a s is  fo r  d e fin in g  re c ip ro c a l re la t io n s  
i s  power, which coo rd ina tes and re g u la te s  c o lle c tiv e  a c tio n  fo r  
c o lle c t iv e  goals v ia  in te rn a l iz e d  o r  enforced  m otivation . The 
s t r u c tu r a l  r e f e re n t  in  the  s o c ia l  system i s  th e  norm which in  tu rn  
fin d s  i t s  d ire c tio n  in  th e  p o l i ty .
On the o th e r  end o f  a  h e ira rc h y , re p re se n tin g  a  cybernetic  
c o n tro l , i s  th e  c u l tu ra l  system  which i s  environm ental to  th e  so c ia l  
system. I t  rep re se n ts  a  s tru c tu re  o r  p a tte rn e d  re la tio n sh ip s  among 
a s e t  o f  symbols, a r t ic u la te d  p rim arily  in  language. I t  e s s e n t ia l ly  
se rv es as a  b lu e p r in t fo r  a c tio n  sdiich le g itim iz e s  th e  norm ative 
o rd e r , defines th e  con ten t o f  norms, and d e fin es  and a r t i c u la te s  
need and what i s  e s s e n t ia l  by le g itim iz in g  gpals . I t  f in d s i t s  r e f ­
e re n t  in  the  s o c ia l  system  p rim arily  in  values through so c ia l iz a tio n  
and le a rn in g .
A so c ia l  system  a lso  h a s ,  as environm ental to  i t ,  o th e r  s o c ia l  
systems by which energy and inform ation exchanges may take  p la c e , 
i . e . ,  th ro u ^ i d iffu s io n  o f  c u ltu re ,  w ar, and energy e x p lo ita tio n .
System S tru c tu re s  and Functions.
The use o f  th e  term  s tru c tu re  r e f e r s  to  p a tte rn s  o f  r e la t iv e ly
161
s ta b le  and c o n s is ten t behavior found in  the  re la tio n s  between a c to rs ,  
be they in d iv id u a ls , groups, o r  agencies. Or, to  pu t i t  o therw ise, 
s tru c tu re  i s  th e  p a tte rn  o f  co n s is ten t and repeated  choices ammg 
th e  range o f  a lte rn a tiv e s  by ac to rs  w ith  re sp ec t to  a  given s i tu a t io n  
and c e r ta in  values. Im p lic i t ly , s tru c tu re  includes id e a l behavior 
and ac tu a l behavior, o r  the oompcnents o f  cu ltu re  which p resc rib e  
expec ta tions and so c ia l o rg an iza tio n , th e  l a t t e r  being  -the evaluated  
and m anifested expression o f  a norm ative framework.
The d e f in itio n  o f  function  as i t  i s  used in  th is  context i s  
taken from D. Emmett:
"To ta lk  about a  1 fu n c tio n ,' and n o t only 
about a  ' r e s u l t 1 w il l  be to  consider the  
process w ith  re fe rence  to  a  u n ita ry  system 
w ith  a p e rs is te n t  s tru c tu re . This assum­
p tio n  o f  an ordered con tex t means th a t  i f  
we say th a t  x has a  fu n c tio n , we are in
f a c t  saying more than th a t  x  has th e  con­
sequence y . I t  has th e  consequence y 
w ith in  a  system , the  e ff ic ie n c y  o r  m a in t e ^  
nance o f  which depends ( in te r  a l ia )  on y ."
The use o f  th e  term function  in a  general sense r e fe r s  to  conse­
quences o f  a c tio n  which have se rio u s a p p lica tio n  to  the  s ta te  o f  
th e  system. The concept o f  function  has a  double re fe ren ce . In
one re sp e c t, a  function  rep resen ts  th e  conditions which m ist be
s a t is f ie d  fo r  any so c ia l  system to  e x is t  as an enduring e n ti ty .
But in  another re sp e c t, function  r e la te s  to  those ex igencies on th e  
b a s is  o f  com patib ility  o f  s tru c tu re s  so th a t  in d iv id u a l s tru c tu re s  
m ain tain  some degree o f  autonomy and y e t sim ultaneously are coord i­
n a ted  and reg u la te d  fo r  system ic opera tion  and through systemic
22D. Eirmett, Function, Purpose and Powers. (Lcncbn:
Routle dge-Ke g a i r . 19557 p . 125'.
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change.
In th is  c o n te x t, in c re a s in g  energy conversion which r e s u l t s  
from th e  exchanges o f  energy w ith th e  ecosystem i s  a sso c ia te d  w ith  
in c re a s in g ly  improbable s ta te s  o f  a  system , i . e . , in c re a s in g ly  
inprobable  o r  more ordered  re la t io n s  develop and s ta b i l i z e .  S o c ia l 
d i f f e r e n t ia t io n  i s  e s s e n t ia l ly  a  d i f f e r e n t ia t io n  o f  s tru c tu re  w ith  
th e  ro le  as i t s  r e fe re n t .  A ro le  t h a t  i s  transform ed from a  d if fu s ­
ed ex p ec ta tio n  framework to  one th a t  i s  more s p e c i f ic ,  more form ally  
de fin ed , becomes sep a ra ted  from a  c lu s te r  o f  o th e r  ro le s  fo r  more 
e f f i c ie n t  performance o f  i t s  prim ary ta sk . Roles t h a t  become sp e c i­
f i c  to  the performance o f  sp e c ia liz e d  ta sk s  become more h ig h ly  
s tru c tu re d  in  th e  sense th a t  th e  ex p ec ta tio n s a sso c ia te d  w ith  a c t i ­
v i ty ,  th e  use o f  tim e , and th e  use o f  f a c i l i t i e s  fo r performance 
become more form al and standard ized  and involve an o r ie n ta t io n  to  
a  g re a te r  number o f  re c ip ro c a l ro le  r e la t io n s .
The fu n c tio n a l s ig n if ic a n c e  o f  in c re a s in g  d i f f e r e n t ia t io n  o f  
s tru c tu re  i s  an enhanced a b i l i t y  to  r e l a te  to  th e  ecosystem  o r 
p h y s ic a l environment in  term s o f  in c reased  c o n tro l over i t .  D iffe r­
e n tia te d , sp e c ia liz e d  ro le s  have an increased  c ap a c ity  fo r  perform ­
in g  assigned  ta sk s  (p roduction , reg u la tio n  o f  a c to r s ,  em otional 
su p p o rt) , although in  t h i s  d iscussion  they  have prim ary s ig n if ic a n c e  
f o r  g re a te r  p roductive  cap ac ity  through an e f f i c ie n t  use o f  lab o r 
and a  g re a te r  e x p lo i ta t iv e  cap ac ity  w ith  reg a rd  to  th e  p ro spec tive  
functions o f  th e  environm ent. T his means th a t  adap tive  c ap a c ity  i s
23T a lc o tt  Parsons, The S oc ia l System . (New York: The 
Free P ress . 1951) p . 167.
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enhanced. Broadening th e  p ro spec tive  functions o f  th e  system  v ia  
technology n o t only broadens -the e c o lo g ic a l n iche bu t p rovides th e  
c a p a b il i ty  fo r  d e a lin g  w ith  environm ental and ex tra -sy stem ic  f lu c tu ­
a tio n s . In the case o f  b io lo g ic a l ev o lu tio n , organisms adapt to  
t h e i r  environment o f  m a te r ia l ,  energy flow s, and o th e r  organisms 
through th e  process o f  n a tu ra l  s e le c tio n  and adaptive  ra d ia t io n .
Ihe organism  th a t  has found i t s  n iche i s  one th a t  has assumed i t s  
p laoe in  terms o f  th e  energy exchanges between i t  and i t s  t o t a l  
p h y sica l-o rg an ic  environment which rep re se n ts  a  degree o f  " f i t "  
between i t s  demands and th e  environm ental reso u rces . This does no t 
preclude th a t  d i f f e r e n t  o rgan ises have th e  a b i l i ty  t o  be f le x ib le  
w ith in  c e r ta in  l im i ts ;  i t  does suggest th a t  these  l im i ts  a re  gener­
a l ly  f ix e d  and in  t h i s  sense one can say th a t  such organisms a re  
adapted.
S o c ie tie s  as so c ia l  systems lik e w ise , in  r e la t io n  to  th e  eco­
system , may be visvred in  terms o f  ad ap ta tio n . However, one may make 
a  d is t in c t io n  between a system  th a t  has adapted to  i t s  environment 
and a  system  th a t  i s  ad ap tab le . In  th e  f i r s t  in s ta n c e , a  system has 
found i t s  e co lo g ica l n ich e  and e x h ib its  o r  may e x h ib it  such a  degree 
o f  f i t  w ith  i t  th a t  l i t t l e  f l e x i b i l i t y  e x is ts  to  respond adequately 
to  ex tra -sy stem ic  change o r  f lu c tu a tio n . So f a r  as th e  prim ary 
need-o r  goal o f  su rv iv a l i s  concerned, however, a d a p ta b i l i ty  i s  a  
f a r  more s a l ie n t  fe a tu re  and re p re se n ts  n o t so much a  s t a te  o f  th e  
system b u t  r a th e r  a  p rocess o r  in h e ren t s t ru c tu ra l  p o te n t ia l  to  
continue to  adapt to  change. S tru c tu re s  which become d if f e r e n t ia te d
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not on ly  provide th e  s t r u c tu r a l  p o te n t ia l  fo r  responding to  changs 
by v ir tu e  o f  a  d iv erse  range o f  a c t i v i t i e s ,  bu t a lso  provide no re  
feedback loops whereby d iv erse  s tru c tu re s  r e l a te  in  a  m u lt ip l ic i ty  
o f  ways. More feedback loops enhance a system 's cap ac ity  fo r  s e l f -  
re g u la tio n  and fo r  adapting  to  in c o m p a tib ili tie s  between system 
s tru c tu re s .
Complexity r e f e r s  to  th e  number and le v e l  o f  lin k ag es between 
ro le s  in  terms o f  p resc rib ed  r u le s  o f  behavior which a llow  fo r  a u to ­
nomy b u t a lso  m aintain  some degree o f  c o m p a tib ility  o r  complementar­
i ty  in  accordance w ith an o v e ra ll  s e t  o f system  ex p ec ta tio n s . Roles 
involve re c ip ro c a l r ig h ts  and d u tie s  and genera l ru le s  o f  behavior 
a s  s tru c tu re s  w ith  th e  norm as i t s  r e fe re n t .  Norms e s s e n t ia l ly  
define  and give form to  th e  r e la t io n s  between a c to rs . In creas in g  
com plexity r e f e r s  to  h igher le v e ls  o f  coo rd ina tion  and reg u la tio n  
o f  a c to rs  in  term s o f  r e la t io n s  o f  power. R eciprocal power r e la t io n s  
become more h ig h ly  s tru c tu re d , r e f le c t in g  more improbable p a tte rn s  
o f  re la tio n s h ip s  as r e la t io n s  o f  re s p o n s ib i l i ty  fo r  ooondinated colr- 
le c t iv e  a c tio n  in c rease  in  d e n s ity  and in  scope and as they  became 
more h ig h ly  a r t ic u la te d  in  encouraging and, i f  n ecessa ry , en fo rc in g  
conform ity to  an o v e r -a l l  design o f  the  system . The more h igh ly  
d i f f e r e n t ia te d  a  system , th e  g re a te r  th e  le v e ls  o f  pcwer a r t ic u la t io n  
in  term s o f  coo rd ina tion  and c e n tra l iz a tio n  and th e  more l ik e ly  
norm ative enforcem ent i s  a  fu n c tio n  o f  sp e c ia liz e d  agencies and 
s tru c tu re s  such a s  government.
The fu n c tio n a l s ig n if ic a n c e  o f  complexity i s  t h a t  o f  In te g ra -
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t io n . R aising th e  le v e l o f rec ip ro ca l power re la tio n s  has the  
consequence o f  providing a  s ta tu s  o f  f u l l  membership to  p rev iously  
excluded u n i ts ,  in te g ra tin g  "the m otivation o f a c to rs  w ith th e  norm­
a tiv e  c u l tu ra l  standards which in te g ra te  th e  ac tio n  system" and, in 
genera l, o f  providing interdependence amcng d iverse  u n its  whereby
the sp e c ia lty  and autonony o f  one i s  th e  need and requirement o f  th e
24o ther.
lb  use an analogy again , a  given ecosystem such as a  t ro p ic a l  
ra in  fo re s t  o r  p e lag ic  system  comprises a  d iv e rs ity  o f  l i f e  forms 
a l l  connected in  some way by a  complex food web whereby energy and 
inform ation exchanges occur in  a  pa tte rn ed  o rd er so th a t  -the system 
has an id e n t i f ia b le  ch a rac te r and each organism has a  function  in  
keeping th e  system v iab le . Ihe s o c ia l  system 's concern i s  w ith  what 
consequences various networks o f  rec ip ro ca l r e la t io n s  among d iverse  
u n its  have fo r  t o ta l  system in te g r i ty  and v ia b i l i ty .  More g en era lly , 
an in c reas in g  m u lt ip lic ity  o f  d iverse  ro le s  in  re c ip ro c a l power r e l a ­
tio n s  serves to  c rea te  lo y a l t ie s  and a  conform ity to  some o v e ra ll 
expecta tion  system  when -there i s  some degree o f  uniform ity  amcng 
them. A so c ia l  system can only m aintain i t s  id e n ti ty  and in te g r i ty  
as d if fe re n t  components conform to  un ifo rm ities th a t  make such 
d iffe ren ces complementary ra th e r  than p rim arily  c o n flic tu a l.
Inform ation i s  e s s e n t ia l ly  th e  cogn itive  symbolic s tru c tu re  
th a t  i s  p a r t  o f  a  c u ltu ra l  system w ith  value as i t s  system re fe re n t .  
Social systems are ch arac te rized  by a  complex network o f  inform ation 
flews which a re  p a r t  o f  every r e la t io n .  Inform ation flows a c t  as
^ P a rso n s, The S o c ia l System, p. 36.
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feedback loop j i b  chan i s  me Which rep re se n t le a rn in g  system s. Informa­
t io n  becomes more h ig h ly  s tru c tu re d  and re p re se n ts  a  more improbable 
s ta te  o f  th e  sym bolic-value system as values become more g en era lized  
and inc lude  and le g itim iz e  a w ider range o f  a c t i v i t i e s , g o a ls , and 
s tru c tu re s  and as symbols become more w idely shared . Increased  
g e n e ra lity  i s  r e f le c te d  in  " h e u r is t ic ” le v e ls  o f  in fo rm atio n , o r 
th e  ru le s  by Which more e x p l i c i t  ru le s  a re  d efin ed . In creased  in fo r ­
mation flows a re  r e f le c te d  in  in c reased  e f f o r t s  and prolonged periods 
o f  s o c ia l iz a tio n  and le a rn in g , whereas in creased  p rocess ing  o f  in  fo r ­
mat ion i s  r e f le c te d  in  an in c rease  in  th e  number o f  d ec is io n s re q u ir ­
ed  by a c to rs  in  a  system  in  conforming to  th e  behav io ra l design .
The fu n c tio n a l s ig n if ic a n c e  o f  in form ation  i s  th a t  a s a  behav­
io r a l  design  i t  serves to  le g itim a te  a c t iv i t i e s  and goals and, in  
g e n e ra l, inform s the c h a ra c te r  and con ten t o f  norm ative s tru c tu re s .
To use th e  analogy o f  th e  organism cnce a g a in , g e n e tic  s tru c tu re  
defines w ith in  l im i ts  th e  organism 1 s  exchanges o f  energy and informa­
t io n  w ith  i t s  environm ent; adherence to  a  behav io ra l design  i s  
la rg e ly  a  fu n c tio n  o f  g e n e tic  s tru c tu re  which in  essence i s  th e  code 
o r  in fo rm ation  p re sen t in  the  organism. Thus, th e  tran sm iss ion  o f  
such t r a i t s  in  anim als as i n s t in c t  in su re s  th a t  organism  behav io r 
conforms w ith in  c e r ta in  l im i ts  to  th e  requirem ents o f  i t s  e c o lo g ic a l 
n iche and i t s  cwn requirem ents fo r  su rv iv a l, bn th e  s o c ia l  system , 
th e  im portant c o n sid e ra tio n  i s  th e  cogn itive  co nd ition  o f  th e  a c to r  
such th a t  p roper m otivation  in  term s o f  v a lu e s , b e l i e f s ,  and ideas 
in su re s  some degree o f  conform ity and un ifo rm ity  to  modes o f  behav­
io r .  Thus, in form ation  flows and le v e ls  serve th e  fu nc tion  o f
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pa ttem -m ain tenance , o r  th e  ccnsequences which v a lu es, b e l i e f s ,  and 
ideas have fo r  m ain tain ing  id e n t i ty  w ith the  system  and fo r  ensuring  
a  fo llow ing  o f  th e  o v e ra l l  p re s c r ip tio n s  o f  system  s tru c tu re s  and 
system  o p e ra tio n .
Change in  S o c ie tie s  a s  Systems
The fundamental theme in  the  theory  proposed here  i s  t h a t  any 
so c ie ty  as a  s o c ia l  system  re q u ire s  an energy budget which g ives 
currency to  th e  system  and m ain tains - i ts  v i a b i l i ty .  An energy 
budget i s  an a llo c a tio n  o f  energy to  various needs o f  th e  system  
which keeps i t  fu n c tio n a l and m aintained a t  a  given le v e l  o r  s t a te  
o f  o p e ra tio n . S p e c if ic a l ly ,  an a llo c a tio n  o f  energy i s  d is tr ib u te d  
in  terms o f  (1) a c to rs  in  th e  system  fo r  sustenance , (2) e s s e n t ia l  
p rocesses t h a t  a re  involved in  th e  transfo rm ation  o f  m a te ria l used 
in  the  c re a tio n  o f  p h y sica l s tru c tu re s  which f a c i l i t a t e  s o c ia l  
r e la t io n s h ip s ,  (3) e s s e n t ia l  f a c i l i t i e s  th a t  support system 
s t ru c tu r e s ,  i . e . ,  p h y s ic a l s t ru c tu re s  t h a t  a re  involved in  technology, 
b u ild in g s , and machines o r  s to rag es o f  energy, and (4) investm ents 
fo r  fu r th e r  energy production  and r e t r i e v a l .
I t  i s  obvious in  any study  o f  so c ie ty  t h a t  energy i s  a  necessary  
fa c to r  in  th e  p ro d u c tio n , bo th  a g r ic u l tu ra l  and in d u s t r ia l ,  o f  goods 
and s e rv ic e s , in  com nunicaticns, t r a n s p o r ta t io n , technology, h e a lth  
s e rv ic e s , commercial h e a tin g  and l ig h t in g  and, in  g en e ra l, f o r  th e  
p ro v is io n  o f  those  valued  o b je c ts  and se rv ice s  which make l i f e  com­
fo r ta b le  and en joyab le . I t  i s  perhaps le s s  obvious t h a t  a  so c ie ty  
as a  system involves an energy budget which supports and m ain tains
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s tru c tu re d  r e la t io n s .  W ithout th e  m a te ria l and p hysica l o b je c ts  
and th e  se rv ic e s  which req u ire  a  h a rn ess in g  o f  energy and which 
serve as f a c i l i t a t o r s  o f  a c t iv i ty  and exchange, a  so c ie ty  would 
sim ply be a g g lu tin a tio n s  o f  in d iv id u a ls  re s id in g  in  a  common t e r r i ­
to ry  w ith  r e la t iv e ly  few p a tte rn e d  re la tio n s  and very l i t t l e  organ­
iz a tio n  . One could n o t r e a l ly  and d e f in i t iv e ly  s p e l l  out such a  
c o l le c t iv i ty  as a  system.
Any system  as a  c lo sed  system  w il l  g rad u a lly  d e s tru c tu re  and 
become e n tro p ic , ev en tu a lly  reach ing  a  most p robable s ta te .  The 
th e s is  suggested h ere  i s  t h a t  th e  maintenance o f  a  given s t a t e  o f  
th e  system  re q u ire s  maintenance energy , energy which keeps th e  p a r ts  
o rdered  a g a in s t  th e  n a tu ra l  tendency to  d iso rd e r; An energy budget 
only s u f f ic ie n t  f a r  m ain ta in ing  th e  s ta te  o f  the  system i s  an
energy budget fo r  a s te a d y -s ta te . I t  is  im portant to  no te  t h a t  a 
s te a d y -s ta te  bears  no necessary  resem blance to  a  system w ith an in -  
changing s t ru c tu re .  In  r e la t io n  to  i t s  t o t a l  environment (ecosystem  
and o th e r  s o c ia l  system s) a  system  may adapt to  changing environmen­
t a l  cond itions by changing s t ru c tu re s  which in  essence mate th e  
system  le s s  r ig id  and more f l e x ib le ,  p l a s t i c ,  i . e . ,  adap tab le . 
C ybernetic feedback loop mechanisms provide in form ation  about th e  
environment and th e  system  conponents them selves which n o t on ly  
serve to  r e g u la te ,  bu t a ls o  make p o ss ib le  a  s e l f -d i r e c t io n  o f  th e  
system. The more in form ation  th a t  i s  provided about the  environm ent 
th e  g re a te r  the  o p p o rtu n ity  a system  has o f  napping environm ental 
behavior in to  i t s  own o rg an iza tio n  as s tru c tu re . The more t h a t  
v a r ie ty  in  th e  environment i s  encoded as in form ation  fo r  th e  system ,
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th e  g re a te r  the  p o s s ib i l i ty  f o r  a  v a r ie ty  o f  responses. This i s
25what i s  meant by a d a p ta b i l i ty .
The system  th u s undergoes a  process o f  s e le c tiv e  a c t iv i ty  which 
continuously  n e g o tia te s  a  "b es t f i t "  fo r  i t s e l f  w ith reg a rd  to  
p a r t ic u la r  environm ental co n d itio n s. Inform ation about th e  environ­
ment in  term s o f  i t s  behav io ra l design o r  s tru c tu re d  p a tte rn s  pro­
vides th e  con ten t f o r  s e le c tiv e  responses and decision-m aking th a t  
i s  p a r t  o f  inform ation  p rocessing . Ihe e s s e n t ia l  fe a tu re  o f  adapta­
b i l i t y  from th e  p e rsp ec tiv e  o f  in fo rm ation  i s  th a t  i t  e n ta i l s  a  
b eh av io ra l design f o r  th e  s o c ia l  system which a c ts  as a  c o n s tra in t 
a g a in s t d iso rd e r  w hile  a t  th e  sane time in co rp o ra tin g  v a r ie ty  o r ,  in  
what h as been d iscussed  p rev io u sly  as a  more g enera lized  value 
s t r u c tu r e ,  a  g re a te r  d iv e r s i ty  and th e re fo re  a  g re a te r  v a r ie ty  o f  
response. Ihe  process o f  s e le c tio n  w ith  more v a r ie ty  inco rpora ted  
in to  a  b eh av io ra l design g en era lly  involves le s s  an e x p l i c i t  conmand- 
d ir e c t iv e  response and more a  g en era lized  h e u r i s t i c  design  "that has
to  do w ith  im p lic i t  responses in  term s o f  "meaning" and " s ig n i f i -
.,26cance."
D if fe re n tia te d  s tru c tu re s ,  as i t  has been d iscu ssed , rep resen t 
system  re o rg a n iza tio n  and change in  o rd e r  to  more e f f i c ie n t ly  e x p lo i t  
energy from th e  ecosystem . In a  r e a l  sen se , d i f f e r e n t ia t io n  i s  a 
mapping o f  th e  changing functions o f  th e  p h y sica l-o rg an ic  environment 
( fo r  a ie rg y -re so u rc e  s c a rc i ty  and th e  a ttem pts to  f u r th e r  e x p lo it
25W alter Buckley, "S o c ie ty  As A Gonplex Adaptive System." 
in  W alter Buckely, e d i to r .  Modem System Research For th e  Behavioral 
S c ie n t is t .
26Ib id . p . H95.
170
new energy sources involves an e v o lu tio n  o f  the  environment in  a  
neg a tiv e  sense) in to  system o rg an iza tio n  as a  response to  the  deve­
lopment o f need. More d if f e r e n t ia te d  s t r u c tu r e s , moreover, involve 
more feedback loops interm eshed in  a  cybernetic  c o n tro l system 
which provides more and a  g re a te r  v a r ie ty  o f  inform ation fo r  s e le c t ­
iv e  response , n o t on ly  to  environm ental change, b u t to  th e  in te rn a l  
s t a te  o f  the  system  i t s e l f .
A s te a d y - s ta te ,. ch a rac te rize d  by maintenance energy which tak es  
up an e n t i r e  energy  budget, thus may invo lve  s t r u c tu r a l  change as 
ad ap ta tio n s in  o rd e r  to  m aintain  i t s  e s s e n t ia l  s t a te  o r  design . To 
quote Buckley:
"Such a  p e rsp ec tiv e  suggests t h a t ,  in s te a d  
o f  say in g , as some do, t h a t  a  prime re q u i­
s i t e  fo r  p e rs is te n c e  o f  a  s o c ia l  system  i s  
'p a tte rn -m a in ten an ce , '  we can say , a f t e r  
Soimerhof and Ashby, t h a t  p e rs is te n c e  o f  an 
adap tive  system  re q u ire s  as a  necessary  con­
d i t io n  th e  maintenance o f  th e  sy stem 's essen ­
t i a l  v a r ia b le s , w ith in  c e r ta in  l im its .  Such 
e s s e n t ia l  v a ria b le s  and t h e i r  l im i ts  may 
perhaps be s p e c if ie d  in  term s o f  what some 
have r e fe r re d  to  as th e  'fu n c tio n a l  p re re q u i­
s i t e s '  o f  any so c ia l  system  ( fo r  example, a  
minimal le v e l  o f  organism al sustenance , o f  
rep ro d u c tio n , o f  p a tte rn e d  in te ra c t iv e  r e l a ­
t io n s ,  e t c . ) .  But a  maintenance o f  the  
system ’s e s s e n t ia l  v a r ia b le s , we are empha­
s iz in g , may hinge on (a s  h is to ry  and ethno­
graphy c le a r ly  show) p a t te rn  reo rg an iza tio n  
o r  change."27
The ev o lu tion  o f  s o c ie t ie s  as system s, however, has involved 
n o t  only changes in  s tru c tu re  bu t a  g r e a te r  e la b o ra tio n  in  what 
h as been termed an in c re as in g  systerm ess. E n e rg e tic a lly , .system 
growth and development i s  only p o ss ib le  when a v a ila b le  energy th a t
^ I b id .  p .
i s  pari: o f  an energy budget exceeds th e  energy requirem ents fo r  a 
s te a d y -s ta te . I t  i s  s ig n i f ic a n t  to  no te  th a t  (1) energy i s  a  necess­
a ry  but n o t s u f f ic ie n t  co nd ition  f o r  system e la b o ra tio n . Unless 
■there i s  a  development o f  need and, more im p o rtan tly , a  none complex 
and g re a te r  v a r ie ty  o f  sym bolic-value s tru c tu re s  th a t  a re  p a r t  o f  
c u ltu ra l  development, a  system  may n o t e lab o ra te  and evolve even 
though i t  i s  e n e rg e t ic a l ly  p o ss ib le  to  do so . Thus, energy makes 
e la b o ra tio n  and ev o lu tionary  development p o ss ib le : from th e  o th e r  
end, c u ltu ra l  requirem ents and. c u l tu r a l  evo lu tio n  may foroe and 
re q u ire  g re a te r  amounts o f  energy; (2) th e  more a  system e la b o ra te s  
u t i l i z in g  more a v a ila b le  energy fo r  growth and development, con- 
coirm itantly th e  g re a te r  th e  energy budget fo r  maintenance o f  a  
system s ta te  a t  any given p o in t. S ta ted  o th e rw ise , h ig h e r le v e ls  
o f  sy s te m  ess  re q u ire  g re a te r  amounts o f  maintenance energy so t h a t ,  
given a  l im i t  on th e  amount o f  a v a ila b le  energy, an energy budget 
w i l l  ev en tu a lly  be  consumed e n t i r e ly  fo r  maintenance w ith  no fu r th e r  
p o s s ib i l i ty  f o r  growth -  th e  a tta inm ent o f  a  s te a d y -s ta te .
The process involved in  an in c re a s in g  system ness has to  do 
w ith  s tru c tu re s  which a re  o f  in c re as in g  c o n s tra in t on th e  behav io r 
o f  i t s  conpcnents o r  u n i ts .  This i s  n o t to  deny th a t  g re a te r  v a r ie ty  
and freedom o f  s e le c tio n  o f  behavior w ith in  l im i ts  e x is t s ,  b u t m erely 
suggests t h a t  g r e a te r  c o n s tra in ts  o p e ra te  w ith in  a  g re a te r  v a r ie ty .
In  o th e r  words, an in c re a s in g  complem entarity e x is ts  anong components 
w ith  in c re a s in g ly  d iv erse  s tru c tu re s  and a c t iv i t i e s .  C ulture changes 
b u t n e v e rth e le ss  in  cognizance o f  i t s  e la b o ra tio n , i t  serves to  
m aintain  a  c o n tin u ity  o f  s tru c tu re  ( r o le s ,  norms, v a lues, e t c . )
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generated  in  p rev ious s ta te s .  A so c ie ty  as a  system becomes, in  
th e  ev o lu tio n ary  paradigm  o f  change, more free  to  regroup and r e ­
o rg an ize , invo lv ing  r e la t iv e ly  more degrees o f  freedom f o r  f l e x i b i l i ­
ty  and change, w hile  in  th e  p rocess c re a tin g  new a l te rn a t iv e  s t r u c t ­
u re s  which n o t only preven t b u t dim inish s o c ia l  en tropy . In  a  more 
common way o f  ex p ress io n , when i t  i s  s a id  -that modem s o c ie t ie s  are  
becoming more conplex, i t  r e f l e c t s  a  f e l t  i n tu i t iv e  understanding  
th a t  s o c ie t ie s  a re  be caning more v a ried  and overlapp ing  in  personal 
r e la t io n s h ip s ,  im p l ic i t ly  meaning more freedom o f  choice b u t a t  the  
same tim e le s s  freedom in  the  w ider r e la t io n s  which impose d u tie s  and 
r e s p o n s ib i l i t ie s  o f  a l l  k inds which attem pt to  re g u la te  a  g re a te r  
d e n s ity  o f  r e la t io n s h ip s ,  more v a r ie ty ,  and which a tte n p ts  to  in te ­
g ra te  d iffe re n c e s .
This a lso  suggests t h a t  th e re  i s  room f o r  deviancy, fo r  
s tru c tu re  can re p re se n t d iso rd e rin g  as w ell as  o rd e rin g  c h a ra c te r­
i s t i c s  w ith  regard  to  an o v e ra l l  design . In  f a c t ,  as N e tt p o in ts  
o u t ,  deviancy may be one e f f e c t iv e  way by which s o c ie t ie s  change as 
systems by way o f  tapp ing  c re a t iv i ty  and innovation.^®  Conversely, 
over-conform ity  may r e s i s t  adap tive  and in te g ra t iv e  changes which 
a re  necessary  f o r  system  maintenance and /o r growth. Again, increased  
d i f f e r e n t ia t io n  and a  le g itim a tio n  o f  g re a te r  v a r ie ty  o f  a c t iv i ty  
and s tru c tu re  C o r  what may be termed s t r u c tu r a l  a l te rn a t iv e s )  allow s 
f l e x i b i l i t y  and th e  p o s s ib i l i ty  f o r  change and e la b o ra tio n . Only
9 0  '
Roger N e tt, "Conform ity-D eviation and th e  S o c ia l Control 
Concept" in  W hiter Buckley, e d i to r .  Modern Systems R esea tth  For th e  
Behavioral S c ie n t is t ,  pp. 409-414-. — —
173
with a  more h e u r is t ic  inform ation s tru c tu re  can d ev ia tio n , w ith in  
c e r ta in  l im i ts ,  be n o t only to le ra te d  but leg itim ized . In teg ra tio n  
o f  th e  physica l organism i s  f a i r l y  r ig id ;  in  s o c ia l  systems i t  is  
ch arac te rized  by f lu id i ty  and f l e x ib i l i t y  w ith  f a i r ly  broad l im its  
which allow fo r  a lte rn a tiv e  s tru c tu re s .
The question o f  increased  sy s tem ess  as i t  r e f le c ts  s o c ia l  
o rd e r r e a l ly  i s , on a  h igher le v e l  o f  a n a ly s is , a  process o f  cont­
in u a l s tru c tu r in g , d e s tru c tu rin g , and re s tru c tu r in g  o f  r e la t io n s .  
That i s  w h y .it has been s ta te d  as the  beginning o f  th is  chap ter 
th a t  system change involves some d iso rd e r in  so c ie ty  and p a r t i a l ly  
exp la ins why c o n f l ic t ,  com petition, and deviation  a re  n o t exenpt 
from th e  o rd erin g  p ro ce ss ,
L h it o f  A nalysis
The u n it  o f  an a ly s is  fo r  evo lu tionary  growth and development
is  a  so c ie ty  as a  so c ia l  system defined  as a  p o l i t i c a l ly  autonomous
u n it "ch a rac te rized  by th e  higfoast le v e l o f  s e lf -s u f f ic ie n c y  r e l a -
29t iv e  to  i t s  environm ents, includ ing  o th e r  so c ia l system s." In  
r e a l i t y ,  no so c ie ty  i s  completely s e l f - s u f f ic ie n t  since  some degree 
o f  interdependency e x is ts  between i t  and o th e r  system s, eco log ica l 
and /o r s o c ia l .  N evertheless, th e  id ea  o f  r e la t iv e  s e lf -s u ff ic ie n c y  
involves th e  concept o f  en ergy /in fon ra ticn  exchanges which a re  in  
th e  prim ary in te r e s t  o f  s o c ie ta l  o p e ra tio n , function ing , and /o r th e  
growth o f  a  so c ie ty  as an id e n t i ty  w ith  c e r ta in  boundary s tru c tu re s .
^ P a rso n s, The System o f  Modern S o c ie t ie s , p. 8.
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P ropositions
P reposition  1: In  s o c ie t ie s ,  th e  g re a te r  the  energy conversion,
th e  g re a te r  th e  so c ia l d i f f e re n t ia t io n .
Energy conversion means any source o f  energy as m atter o r  
flew th a t  i s  harnessed v ia  transform ers o r  converters to  produce 
h e a t and /o r work. S ta ted  d if fe re n t ly , energy conversion rep resen ts  
a  change in  the  s ta te  o f  energy as m atte r o r  flow from th a t  o f  low 
entropy to  h igh  entropy . Social d if f e re n t ia t io n  r e fe r s  to  any 
d iffe ren ces  between a c to rs  in  th e  process o f  in te ra c t io n , be they  
in d iv id u a ls , groups o r  agencies in  a  so c ie ty .
P roposition  2: In s o c ie t ie s ,  th e .g re a te r  the s o c ia l  d i f f e r e n t ia t io n ,
th e  g re a te r  th e  d iffe ren ces  among in d iv id u a ls  in  
t h e i r  sustenance a c t i v i t i e s .
Although d if f e r e n t ia t io n  involves d iffe ren ces  between in d iv id ­
u a ls  along a  number o f  p o ss ib le  c h a ra c te r is t ic s , i t  i s  e sp e c ia lly  
re f le c te d  in  th e  d iv is io n  o f  lab o r. Ihe d iv is io n  o f  lab o r i s  a  
function  o f: (a) the  d iffe ren ces  among in d iv id u a l a c to rs  in  th e i r  
sustenance a c t i v i t i e s ,  and Cb) th e ;a c tu a l exchange o f  a  v a rie ty  o f  
goods' and se rv ic e s . The two a re  in tim ate ly  r e la te d  and th e re fo re  
the  d iv is io n  o f  la b o r , and so c ia l d i f f e re n t ia t io n , can be in fe rre d  
from ' (a) a lc n e . The d iffe ren ces  among in d iv id u a ls  in  th e i r  susten-v. 
nanoe a c t iv i t i e s  means th a t  in d iv id u a ls  d i f f e r  in  th e  p r in c ip a l means 
by which they  m aintain -their liv e lih o o d  in  the  production o f  ,gpods 
and se rv ice s  as autonomous e n t i t i e s .
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P roposition  3: In  s o c ie t ie s ,  th e  g re a te r  th e  energy conversion) the
g re a te r  the  com plexity.
By complexity i s  meant th e  density  o r  sc a le  o f  in te ra c tio n  among 
a c to rs  th a t  i s  n a rra t iv e ly  reg u la ted . Coup la x i ty  o f s tru c tu re  
involves a c e r ta in  amount o f  rec ip ro ca l r ig h ts  and d u tie s  between 
in d iv id u a ls  o r t n i t s ,  The more complex a  so c ie ty  as a  system i s ,  
in  term s o f  s tru c tu re d  re la t io n s ,  the  more th a t  components o r  in d iv i­
duals a re  linked  to g e th e r in  coordinated s e ts  o f  re la tio n s  th a t  t i e  
a  g re a te r  nunber o f  in d iv id u a ls  to g e th er.
P roposition  In s o c ie t ie s ,  th e  g rea te r  th e  complexity, the
g re a te r  the interdependence among in d iv id u a ls  and 
groups.
Following from P roposition  3, coordinated s e ts  o f  r e la t io n s  
a re  t ie d  to g e th e r  by re la tio n s  which complement th e i r  d iv e rse  
r e la t io n s  and a c t iv i t i e s .  The sp ec ia lized  ta s k ,  r o le ,  o r  a c t iv i ty  
o f  one i s  the  need and requirem ent o f th e  o th e r  to  fm c tio n  as an 
autonomous e n t i ty .  The g re a te r  th e  com plexity, the  g re a te r  the  
mutual exchange o f  goods and se rv ice s  e i th e r  d ire c tly  o r  in d ire c t ly .  
The g re a te r  the  sp e c ia liz a tio n  th a t  e x is ts ,  th e  more th a t  ind iv idua l 
o r  u n i t  has to  o f f e r  in  terms o f  those o b je c ts  o r  se rv ices th a t  
o th e r  in d iv id u a ls  o r  u n i ts ,  unspecia lized  in  th a t  a c t iv i ty ,  need 
o r  re q u ire . G reater interdependence involves an increase  in  the  
p a tte rn ed  re la tio n s  which interm esh and ov erlap  each o th e r.
P roposition  5: In  s o c ie t ie s ,  th e  g re a te r  th e  in terdependence, the  
g re a te r  the  c e n tra l iz a tio n .
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By c e n tra l iz a tio n  i s  meant sp e c ia liz e d  s tru c tu re s  and /o r u n its  
which f in d  t h e i r  o r ie n ta t io n  and a  subord inate  r e la t io n  to  more 
' su p e ro rd in a teT u n its  o r  s t ru c tu re s .  Prom P ropositions 3 and 4, 
coord inated  s e ts  o f  r e la t io n s  invo lv ing  re c ip ro c a l r ig h ts  and d u t ie s ,  
and involv ing  sp e c ia liz e d  ta s k s ,  ro le s  and a c t i v i t i e s ,  do n o t  e x i s t  
e n t i r e ly  fo r  t h e i r  own purposes, autonomous as they  a re .  R ather, 
they  implement se rv ice s  and perform  a c t iv i t i e s  in  accordance w ith 
some d ire c tiv e  and some b ind ing  lo y a l ty  to  another sp e c ia liz e d  u n i t  
o r  s t ru c tu re .  Whereas interdependence involves oopplementary 
r e la t io n s  based upon mutual exchange, c e n tra l iz a tio n  r e f e r s  to  a  
"sem i-organism ic11 in terdependence invo lv ing  an a llo c a t io n  o f  power 
to  a  u n i t  o r  s t ru c tu re  in  re tu rn  fo r  c e r ta in  r ig h ts  and re s p o n s ib i l i ­
t i e s .  I t  r e l ie v e s  various u n i ts  o r in d iv id u a ls  o f  complete autonomy 
and o f  u n co n tro lled  com petition and c o n f l ic t  between them in  th e  
in te r e s t s  o f  th e  t o t a l  s t r u c tu r a l  in te g r i ty  o f  th e  so c ie ty  as a  
s o c ia l  system . C e n tra liz a tio n  occurs a t  many le v e ls ,  in c lu d in g  th e  
economic, p o l i t i c a l ,  r e l ig io u s ,  e d u ca tio n a l, and m il i ta ry  s t ru c tu re s .  
G rea ter c e n tra l iz a tio n  means an in crease  in  the  scope o f  subordina­
t io n  o f  s t ru c tu re s  to  sp e c ia liz e d  s tru c tu re s  which re g u la te  c o n f l ic t ,  
coo rd ina te  a c tio n , and reduce the  autonomy o f  d iverse  u n i ts .  Ih is  
invo lves a  g re a te r  a l lo c a t io n  o f  power in  exchange f a r  th e  p ro te c tio n  
o f  in te r e s t s  and r ig h ts  and serves to  generate  g re a te r  un iform ity  
in  th e  m idst o f  d iv e rs i ty .
P roposition  6: In  s o c ie t ie s ,  th e  g re a te r  the  energy conversion , th e
g re a te r  th e  in fo rm ation .
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By inform ation i s  meant th e  t o t a l i t y  o f  le a rn in g  th a t  a  so c ie ty  
possesses in  term s o f  encodings en a  range from language and w ritin g  
to  id e a s , b e l i e f s ,  v a lu e s , techn iques, and knowledge. Inform ation 
i s  the  a b s tr a c t ,  sym bolic, m ental i s  t i c  p a tte rn  t h a t  e x is ts  in  various 
forms and s to rag es t h a t  informs th e  s ig n if ic a n c e  and meaning o f  
r e l a t io n s .
P roposition  7: In  s o c ie t ie s ,  th e  g re a te r  the  in fo rm ation , th e
g re a te r  the  le v e ls  o f  in fo rm ation .
By le v e ls  i s  meant th e  degree o f  a b s tra c tn e ss  and g e n e ra liza tio n  
which has re fe ren ce  to  norm ative s t r u c tu r e s , v a lu e s , b e l i e f s ,  id eas  
and g o a ls . S ta ted  o therw ise , i t  r e f e r s  to  the  degree o f in c lu s io n  
o f  more s p e c if ic  goa ls  and value s tru c tu re s  in  a  more g en e ra l, 
encompassing s tru c tu re  which le g itim iz e s  a g re a te r  range o f  norm ative 
s t ru c tu re s .  G reater le v e ls  o f  in fo rm ation  means a  change from 
1 a lg o rith m ic 1 to  more 'h e u r i s t i c 1 ru le  s t ru c tu re s ,  o r  a  g e n e ra liza ­
t io n  o f  v a lu es , b e l i e f s ,  and id eas  which include  more e x p l i c i t ,  
s p e c i f ic ,  and d iv erse  symbolic s t ru c tu re s  and th e re fo re  give a  sense 
o f  in c lu s io n  to  more d iv e r s if ie d  u n i t s ,  s t ru c tu re s ,  and a c t iv i t i e s  
in  a  so c ie ty .
P roposition  8: In  s o c ie t ie s ,  th e  g re a te r  the  le v e ls  o f  in fo rm ation ,
•the g re a te r  th e  d is t r ib u t io n  o f  in fo rm ation .
By d is t r ib u t io n  o f  inform ation i s  meant th e  degree to  which 
in form ation  as v a lu es , b e l ie f s ,  id e a s , and in  g e n e ra l, symbols, a re
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shared by in d iv id u a ls . To say th a t  in fo rn a tio n  i s  d is t r ib u te d  
means t h a t  i t  i s  encoded and tra n sm itte d  and then rece iv ed  and 
decoded. G rea te r d is t r ib u t io n  i s  r e f le c te d  in  g re a te r  nuirbers o f 
in d iv id u a ls  who tran sm it an d /o r receive  messages o r  in  th e  number 
o f  messages tran sm itte d . The assum ption i s  th a t  as th e  number o f  
messages in c re a se s  and as th e  number o f  in d iv id u a ls  who tran sm it 
and rece iv e  messages in c re a s e s , th a t  some way i s  found to  encode 
and decode th e  v a s t jumble o f  messages in to  more s im p lif ie d , but 
g e n e ra lize d , messages which co n ta in  more e s s e n t ia l  and a b s tr a c t  
in fo rm ation . The concern becomes •■-less w ith  d e ta i l s  o f  th e  message 
i t s e l f  and more w ith  th e  meaning and m otif so th a t  g re a te r  inform ­
a tio n  d is t r ib u t io n  r e s u l t s  in  in c re a s in g  le v e ls  o f  ru le  s tru c tu re s  
f o r  understanding , e v a lu a tin g , and fo r  th e  p rocessing  o f  inform ation 
involved in  decision-m aking.
From th ese  e ig h t  p ro p o s itio n s , a  number o f  o th e r  p ro p o sitio n s 
may be deducted:
P ro p o sitio n  9: In  s o c ie t ie s ,  th e  g re a te r  th e  in fo rn a tio n , th e
g re a te r  th e  s o c ia l  d i f f e r e n t ia t io n .
P ro p o sitio n  10: In  s o c ie t ie s ,  th e  g re a te r  th e  in fo rn a tio n , the .
g r e a te r  th e  com plexity.
P ro p o sitio n  11: In  s o c ie t ie s ,  th e  g re a te r  th e  s o c ia l  d i f f e r e n t ia t io n ,  
th e  g re a te r  th e  com plexity.
P ro p o sitio n  12: In  s o c ie t ie s ,  th e  g re a te r  th e  in fo rm atio n , th e  
g r e a te r  th e  redundancy o f  energy sou rces.
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P roposition  13: In s o c ie t ie s ,  th e  g re a te r  the  redundancy o f  energy
so u rces, th e  g re a te r  th e  a b i l i ty  to  adapt to  
f lu c tu a tio n s  in  th e  environment.
P roposition  14: In  s o c ie t ie s ,  th e  g re a te r  the  in fo rn a tio n , the
g re a te r  th e  a b i l i ty  to  adapt to  f lu c tu a tio n s  in  
"die environm ent.
CHAPTER VI 
AN EMPIRICAL TEST
Theory b u ild in g  presupposes th a t  a  s e t  o f  p ro p o sitio n s  
a re  em p iric a lly  a p p licab le  and can be p u t to  a  t e s t .  The 
purpose o f  t h i s  ch ap te r i s  to  form ulate a  s e r ie s  o f  hypotheses 
and to  t e s t  them usin g  c o r re la t io n s . The " te s t"  re p re se n ts  
a f i r s t  s te p  in  an on-going in te rp la y  between theo ry  and 
th e  re se a rc h  process o f  -the k ind  d iscussed  by Merton,^
From th e  p rev ious th e o re t ic a l  d isc u ss io n , th e re  seems to  
be a t  l e a s t  some j u s t i f i c a t io n  fo r  making th e  case t h a t  th e  
in c re a s in g  use o f  energy has p layed an im portant ro le  in  th e  
ev o lu tio n  o f  human s o c ie t i e s . Moreover, fin d in g s o f  a  f a i r  
number o f  em pirica l s tu d ie s  along th i s  l in e  w arran ts substance 
to  the  supposition  t h a t  m odernization, development, s o c ia l  
change -  a l l  c o r r e la te s  o f  ev o lu tio n ary  change in  some re sp e c t -  
a re  c lo se ly  t i e d  in  w ith  cap tu rin g  energy from the  environm ent. ^  
The prim ary fincrticn  o f  th e  " te s t"  in  t h i s  case i s  to  c la r i f y  
o r  refo rm u la te  th e  p ro p o s itio n s  which a re  o ffe re d  in  such a  way
^Robert K. Merton, "The Bearing o f  S oc io log ica l Theory 
on E m pirical Research" and "The Bearing o f  E m pirical Research 
an S o c io lo g ica l Theory" in  S o c ia l Theory and S o c ia l S tru c tu re .
The Free P ress: New York. 1968. pp. 139-171.
^For a  sample o f  these  s tu d ie s  see: A llan Mazur and 
Eugene Rosa, "Energy and L ife -S ty le "  Science 186:607-610, 1974; 
Jack Sawyer, "Dimensions o f  N ations: S iz e , W ealth and P o l i t ic s "  
American Journa l o f  Sociology 73:145-172, 1967; John V. D. 
Saunders and George R. R einhart, "Demographic and Economic 
C o rre la te s  o f  Development as Measured by Energy Consumption" 
Demography 4:2 :733-779, 1967; Gary Buck and A lvin L. Jacobsen, 
"S ocia l E volu tion  and S trttc tu re-F u n c tio n a l A nalysis: An E m pirical 
T e s t, American S o c io lo g ica l Review 33:6:343-355, 1968.
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t h a t  w il l  prove t h e i r  exp lanato ry  value and p re d ic tiv e  power.
I t  i s  n o t expected th a t  a  s in g le  v a ria b le  w i l l  ex p la in  every th ing  
o r  th a t  i t  w i l l  even ex p la in  very much. The concern i s  w ith  
what th e  use o f  energy in  a  so c ie ty  does exp la in  in  th e  way o f  
a  thermodynamic th eo ry  o f  s o c ie ta l  ev o lu tio n . This chap ter 
e x i s t s ,  th e re fo re , as p a r t  o f  a  search  process and d is tin g u ish e s  
i t s e l f  as be ing  n o t a  s tra te g y  o f  s c i e n t i f i c  p roo f b u t as a  
s tra te g y  o f s c i e n t i f i c  d iscovery .
P o s tu la te  C onstruction
P o s tu la te  1: Among c o u n tr ie s , the g re a te r  th e  energy 
conversion a t  Tq , the  g re a te r  the  energy 
produced p e r  c a p ita  a t  Tq.
Prom P roposition  1 , energy conversion means any sou rce  o f  energy 
as m a tte r  o r  flow th a t  i s  harnessed  v ia  transfo rm ers to  produce 
work and /o r h e a t. The energy produced p e r  c a p ita  re p re se n ts  a  
standard ized  measure o f  th e  t o t a l  amount o f  inanim ate energy 
converted  by c o n tro llin g  fo r  population  s iz e .  I t  i s  assumed 
th a t  the  energy converted  by man from a l l  sources o f  food fo r  
su b s is ten ce  and f o r  producing work can be rep re se n te d  by an 
average c o n stan t value o f  3000 k i lo o a lo r ie s  p e r  day, a lthou^a 
i t  i s  recognized  th a t  t h i s  v a r ie s  w ith in  s o c ie t ie s  a s  w ell as 
among s o c ie t ie s .  The t o t a l  amount o f  energy conversion would 
inc lude  work produced by humans as w e ll as d r a f t  an im als, wind, 
w a ter, and s o la r  r a d ia t io n . The t o t a l  amount o f  inanim ate energy,
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on the  o th e r  hand, re p re se n ts  the  t o t a l  amount o f  energy 
re tr ie v e d  from f o s s i l  fu e ls  and h y d ro -e le c tr ic  production  
a c tu a lly  pu t to  use o r  work w ith in  a  country . The e n e rg y  p e r 
c a p ita  i s  t h i s  value d iv id ed  by the  t o t a l  popu la ticn  o f  a  country .
P o s tu la te  2: Among c o u n tr ie s , th e  g re a te r  th e  d iffe ren c e s
amcng ind iv iduals in th e ir  sustenance a c t i v i t i e s , 
a t Tq, the greater the occupational d if fe r ­
en tia tio n  a t  Tq.
From P ro p o s itio n  2, th e  d iffe re n c e s  amcng in d iv id u a ls  in  t h e i r  
sustenance a c t iv i t i e s  invo lves d iffe re n c e s  among in d iv id u a ls  
along a  number o f  c h a r a c te r i s t ic s ,  b u t e s p e c ia l ly ,  i t  i s  assumed, 
i t  is  r e f le c te d  in  a  d iv is io n  o f  la b o r . A fu r th e r  assumption 
i s  th a t  a  d iv is io n  o f  la b o r  i s  r e f le c te d  in  d i f f e r e n t  occupations 
which a re  s o c ia l ly  recogn ised  as rep re se n tin g  various and d if f e r e n t  
c a teg o ries  o f  work a c t iv i ty  whereby th e  p r in c ip a l  means o f  
l iv e lih o o d  i s  achieved. O ccupational d i f f e r e n t ia t io n  i s  n o t 
cn ly  th e  number o f  o ccupa tiona l c a te g o rie s  but i s  a lso  a  measure 
o f  d isp e rs io n  o r  the degree to  vh ich  in d iv id u a ls  in; a  country  
a re  evenly d is t r ib u te d  amcng various c a te g o rie s .
P o s tu la te  3: Amcng c o u n tr ie s , th e  g re a te r  th e  c e n tra l iz a tio n
a t  Tq, th e  g re a te r  the  ro le  o f  government a t
T 0 *
Prom P ro p o sitio n  5, c e n tra l iz a tio n  r e f e r s  to  sp e c ia liz e d  and 
d if f e r e n t ia te d  so c ia l s t ru c tu re s  an d /o r m i t s  vh ich  f in d  t h e i r  
o r ie n ta tio n  and a  subord inate  r e la t io n  to  a  supero rd ina te  
s tru c tu re . The assum ption i s  t h a t  c e n tra l iz a tio n  occurs in
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various le v e ls  and spheres o f  a  c o u n try 's  s o c ia l  s t ru c tu re ,  i . e . ,  
in  o rg an iz a tio n s , a s so c ia tio n s , co rp o ra tio n s , p o l i t i c a l  p a r t i e s ,  
r e l ig io u s  and ed u ca tio n a l in s t i tu t io n s .  C e n tra liz a tio n  occurs 
as w e ll in  governmental s t ru c tu re s .  The ro le  o f  government 
re fe r s  to  a  le g i t im a te ly  recognized s ta te  o rg an iza tio n  o f  a  
country as evidenced try i t s  r ig h t  t o  make w ar, c o l le c t  and 
inpose ta x e s  o r  t r ib u te  o f  some k in d , and to  en ac t and enforce 
law s. I t  excludes lo c a liz e d  forms o f  a u th o rity  and c o n tro l.
I t  i s  assumed th a t  government i s  involved to  some degree in  
the  p r a c t ic a l  a f f a i r s  o f  everyday l i f e  fo r  the  m a jo rity  o f  
i t s  c o n s titu e n ts  in  term s o f  ed u ca tio n , re se a rc h , defense and 
armaments, w elfare  and h e a l th , p o l ic e ,  j u d ic i a l ,  l e g is la t iv e  
and ex ec u tiv e /a d m in is tra tiv e  p ro ce sse s , a g r ic u ltu re ,  th e  economy 
in  g e n e ra l, and in  r e la te d  b u re a u c ra tic  s tru c tu re s  which oversee , 
r e p o r t ,  ad m in iste r, en fo rc e , p la n , re g u la te , and ta x . The degree 
to  which government p lays an in c re a s in g  ro le  i s  a  r e f le c t io n  o f  
a  p rocess whereby a d m in is tra to rs , managers, p la n n e rs , e tc .  p lay  
an in c re a s in g  ro le  in  th e  o rg an iz a tio n  and c o n tro l o f  s o c ia l  
re la t io n s h ip s .
P o s tu la te  4: Amcng c o u n tr ie s , the  g re a te r  th e  d is tr ib u t io n
o f  inform ation a t  Tq , th e  g re a te r  the  nuriber 
o f  in d iv id u a ls  who rece ive  messages a t  Tq.
From P ro p o sitio n  8, th e  d is tr ib u t io n  o f  inform ation  r e f e r s  to  
th e  degree to  which in d iv id u a ls  encode, tra n s m it, re c e iv e , and 
decode m assages. A g r e a te r  d i s t r ib u t io n  o f  in form ation  means
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th a t  more in d iv id u a ls  in  a  coun try  w i l l  have access to  and share 
s im ila r  m essages. By message i s  meant any symbol o r  complex o f  
symbols such a s  found in  v e rb a l o r  ncn -verbal speech, communications 
media such a s  te le v is io n ,  ra d io , movie th e a t r e s ,  books, jo u rn a ls , 
and newspapers. The degree to  which in d iv id u a ls  rec e iv e  such 
messages i s  a  function  o f  th e  tran sm iss io n  dev ices such as 
ra d io s  and p r in tin g  p resses which a re  a v a ila b le  in  a  country  
and to  th e  e x te n t  th a t  in d iv id u a ls  a re  l i t e r a t e .
D efining th e  V ariables
The above P o s tu la te s  s t a te  re la tio n sh ip s  between terms 
found in  the P ro p o sitio n s and more e m p irica lly  ap p licab le  term s. 
N everthe less, th e  term s in  a l l  cases involve concepts which 
need to  be s p e c if ie d  as v a r ia b le s . The tran s fo rm a tio n a l sta tem ents 
which follow  s t a t e  r e la t io n s  between concepts in  th e  P o s tu la te s  
and "their r e f e r e n t i a l s .
T ransform ational Statem ent 1 : Among c o u n tr ie s , th e  g re a te r
th e  energy produced p e r  c a p i ta  a t  TQ, the  g re a te r  
■the EPC a t  TQ.
Since th e  energy p e r c a p ita  was defined  as a  s tandard ized  measure 
o f  "the amount o f  inanim ate energy c c n \e r te d , d iv ided  by th e  t o t a l  
p o p u la tio n  fo r  a  given tim e p e rio d , th e  form ula fo r  EPC i s  th e  
r e f e r e n t i a l  fo r  em p iric a lly  determ ining  th e  amount o f  inanim ate 
energy a c tu a lly  converted p e r  in d iv id u a l in  a  coun try . Note th a t  
s in c e  food i s  assumed to  be a  constan t requirem ent fo r  su b s is ten c e , 
food energy as w e ll  as o th e r  forms o f  animate energy a re  n o t
included  in  th e  r e f e r e n t ia l .
EPC = 2  [kC a  + b -  c  -  d )]  /  P
where:
a  = the amount o f  inanim ate energy in  term s o f  
k i lo c a lo r ie s ,  BTU's, o r  o th e r  measured forms 
produced in  a  given y e a r  from f o s s i l  fu e ls  
(in c lu d in g  ooa l, petro leum , and n a tu ra l  g a s) , 
h y d ro e le c tr ic  power, and n u c le a r power p la n ts , 
b = the  amount o f  inanim ate energy o f  a l l  forms 
imported to  a  country  as a f in a l  d e s tin a tio n  
in  a  given year, 
c  = the  amount o f  inanim ate energy o f  a l l  forms 
exported by a  coun try  as i t s  p lac e  o f  o r ig in  
in  a  given year, 
d = 1he amount o f  inanim ate energy o f  a l l  forms 
■that a re  p laced  in  re se rv e , a re  ad d itio n s  to  
stocks (a s  s to ra g e ) , o r  a re  in  fu e l  bvnkers 
fo r  a  coun try  in  a  given year, 
k  = a  co n stan t t h a t  equates one u n i t  o f  a  type o f 
inanim ate energy w ith  one kilogram  o f  c o a l fo r  
purposes o f  s ta n d a rd iz in g  a u n i t  o f  measurement. 
For conversion fa c to r s  and values o f  k ,  see 
Appendix A.
P = the  p o p u la tio n  o f  a  oou rtry  a t  m idyear fo r  th e  
id e n t ic a l  y e a r f o r  which values o f  a ,b ,c ,  and d 
a re  tak en .
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T ra n sfo rm tio n a l Statem ent 2: Among c o u n tr ie s , th e  g re a te r  th e
occupational d i f f e r e n t ia t io n  a t  TQ, th e  g re a te r  th e  
OCCUDIFF a t  T .
Since occupational d i f f e r e n t ia t io n  was defined  a s  th e  number o f s o c ia l ly  
recognized  occupational c a teg o rie s  and th e  degree o f d isp e rs io n  o f 
in d iv id u a ls  among them, th e  formula f o r  OCCUDIFF i s  th e  r e f e r e n t i a l  
which e m p iric a lly  r e f l e c t s  th e se  two f a c to r s .
OCCUDIFF = 1 -  [ Z ^ / c Z V ]  /  [ i  -  1/ n]
Where:
x = th e  number o f in d iv id u a ls  i n  an occupational 
ca tego ry  fo r  a  country  in  a  given year.
N = th e  number o f occupational c a te g o rie s  in  a  
coun try  fo r  a  given year.
I t  should be no ted  th a t  OCCUDIFF w i l l  range in  value between zero  and 
one and re p re se n ts  a  measure o f d isp e rs io n  somewhat s im ila r  to  Shannon's 
formula f o r  sp ec ie s  d iv e r s i ty  in  an ecosystem. Examples o f th e  range 
o f OCCUDIFF a s  a  fu n c tio n  o f  x  and N a re  given fo r  se le c te d  c o u n tr ie s  
in  Appendix B.
T ransform ational Statem ent 3: Among c o u n tr ie s , th e  g re a te r  th e  
ro le  o f  government a t  Tq, th e  g re a te r  th e  GQVEXP a t
The r o le  o f  government m y  be viewed a s  a  fu n c tio n  o f  th e  r e l a t i v e  
amount o f expend itu res f o r  governmental a c t i v i t i e s  in  a l l  th e
% he Shannon index o f genera l d iv e r s i ty  i s  H = -^ n /N )lo g (n /N ) 
where n  = im portance value  fo r  each sp e c ie s , N = t o t a l  number o f  
importance v a lu e s , H = index  o f d iv e r s i ty .  See Eugene P. Odum, 
Fundamentals o f  Ecology, p . 144.
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various a reas  which suppo rt governmental a c t i v i t i e s  and in  c re a tin g  
and m ain tain ing  f a c i l i t a t i n g  s tru c tu re s  such as t ra n s p o r ta tio n , 
b u ild in g s , machines and computers, and armaments in  a d d itio n  to  
the  suppo rt o f  government workers and o f f i c i a l s .  The forauLa 
fo r  GOVEXP th e re fo re  assumes a  d i r e c t  connection between tire 
s tru c tu re  and function  o f  government and c o s t. The expend itu res
o f  government as a  percen tage o f  th e  gross dom estic p roduct i s
a  s tan d ard ized  measure o f  f in a l  government consumption in  r e la t io n  
to  the  t o t a l  p r o d u c t s  worth o f  goods and se rv ice s  excluding  
inoone from abroad.
GOVEXP = x /y  
where:
x = th e  sum o f  a) pu rchases, le s s  s a le s ,  o f  
goods and se rv ice s  cn c u rre n t accoun t, b) 
compensation o f  employees, c ) consumption 
o f  f ix ed  a s s e ts ,  and d) payment o f  in d ire c t
ta x e s . The sum i s  in  term s o f  expend itu res
in  p u rc h a se r 's  values fo r  a given y e a r, 
y  = th e  gross dom estic p roduct fo r  t h a t  y ear.
The gross dom estic product (GDP) can be 
computated by su b tra c tin g  Hie n e t  f a c to r  
inoome from abroad from th e  gross n a tio n a l 
product a t  c u rre n t market p r ic e s .
T ransform ational Statem ent Among c o u n tr ie s , -the g re a te r  
th e  number o f  in d iv id u a ls  who rece iv e  messages 
a t  Tq , th e  g re a te r  th e  TOTCIRC a t  Tq .
The e x te n t to  which in d iv id u a ls  rece iv e  messages nay be viewed 
as a  fu nc tion  o f  the  degree to  which news media in  a  country 
expose members to  e v e n ts , knowledge, o p in io n s , d e c la ra t io n s , 
v a lu e s , e tc .  The degree to  viiich newspapers a re  c irc u la te d  
throughout a  popu la tion  i s  one way by which various types o f 
messages may be rece iv ed . The assumption i s  t h a t , given d a ta  
an newspapers a c tu a l ly  p r in te d  and d is t r ib u te d ,  th a t  th e  la rg e  
m ajo rity  a re  in  f a c t  read . Another assumption i s  th a t  newspapers 
may rep re se n t lo c a liz e d  and sp e c ia l  in te r e s t s  b u t c o lle c t iv e ly  
in c lu d e  some in form ation  o f  n a tio n a l  and in te rn a tio n a l  news 
e v en ts . The l a t t e r  w i l l  inc lude  as w e ll;  e d i to r ia l s ,  a d v e rtis in g  
o f  p roducts and s e rv ic e s ,  f in a n c ia l  a f f a i r s  and i n te r e s t s ,  
d e c la ra tio n s , s ta tem en ts , and admonitions by government le a d e rs . 
The form ula fo r  TOTCIRC re p re se n ts  th e  degree to  which messages 
in  t h i s  form a re  shared  by a popu la tion  and i s  th e re fo re  the  
r e f e r e n t ia l  f o r  message d is t r ib u t io n .
TOTCIRC = x/P  x  1000 
where:
x  = th e  t o t a l  number o f  newspapers p r in te d  
and c ir c u la te d  from a l l  recognized and 
e s ta b lis h e d  newspaper agencies in  a  country 
fo r  a  given y e a r . Newspapers a re  considered  
a s  th o se  o f  " d a i ly  g en era l in te r e s t"  and 
defined  a s  a  p u b lic a tio n  devoted p rim arily  
to  reco rd in g  news o f  c u rre n t e w n ts  in  p u b lic  
a f f a i r s ,  in te rn a t io n a l  a f f a i r s ,  p o l i t i c s ,  e tc .
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and which i s  pub lished  a t  l e a s t  fo u r  tim es a  week.
P = The popu lation  o f  a  country  a t  th e  m id-point 
o f  t h a t  year.
TOTCIRC re p re se n ts  a  standard ized  measure o f  newspaper c ir c u la t io n  
in  term s o f  th e  number o f  newspapers c ir c u la te d  p e r  thousand 
popu la tion .
In  a l l  T ransform ational Statem ents and P o s tu la te s , Tq 
desig n a tes  a  given p o in t  in  time,
Theorms
Theorm 1: Among c o u n tr ie s , th e  g re a te r  th e  EPC a t  Tq , 
the  g re a te r  t i e  OCCUDIFF a t  TQ.
Theorm 2: Among c o u n tr ie s , th e  g re a te r  th e  EPC a t  Tq, 
the  g re a te r  the  GOVEXP a t  T q .
Theorm 3: Among c o u n tr ie s , th e  g re a te r  th e  EPC a t  TQ, 
the  g re a te r  the  TOTCIRC a t  TQ.
The r e f e r e n t ia l s  p o s ite d  in  th e  tran sfo rm a tio n a l sta tem ents 
can be p u t in to  sta tem ents Which s t a t e  r e la tio n s h ip s  o f  th ese  
v a ria b le s  t o  one an o th er. The above theorms a re  em p irica l 
r e f le c t io n s  o f  th e  conceptual r e la t io n s  as s ta te d  in  th e  
P ro p o s itio n s . These theorms now provide th e  form by which 
hypotheses nay be co n stru c ted .
Since the  concern w ith  s o c ie ta l  evo lu tio n  i s  w ith  a  
d iach ron ic  o r  dynamic a n a ly s is  as w e ll as a  o o n p a ritiv e  c ro s s ­
country a n a ly s is ,  a  second s e t  o f  p o s tu la te s ,  tran s fo rm a tio n a l 
s ta tem en ts and theorms nay be co n stru c ted  which may be read
th u s : Within c o u n tr ie s , th e  g re a te r  th e  ______ a t  » th e  g re a te r
the _____ a t Tj2 . T^2 rBPreaent s  a  time in terva l from
T = 1 to  T = 2. Thus, theorms fo u r through s ix  read  as 
fo llo w s:
Theorm 4; Within c o u n tr ie s , th e  g re a te r  tine EPC a t  t 12 » 
tine g re a te r  th e  OCCUDIFF a t  t 12 *
Theorm 5: W ithin c o u n tr ie s , th e  g re a te r  th e  EPC a t  T^2 s
th e  g re a te r  tine GOVEXP a t  .
Theorm 6: W ithin c o u n tr ie s , the g re a te r  th e  EPC a t  T^2 ,
th e  g re a te r  th e  TOTCIRC a t  .
F in a lly , a  th i r d  s e t  o f  p o s tu la te s , tran sfo rm a tio n a l s t a t e ­
ments and theorm s nay be co nstruc ted  f o r  un iverses o f  c o u n tr ie s . 
Thus f a r ,  a s so c ia tio n s  among v a ria b le s  have been made among a  
un iverse  o f  c o u n tr ie s  in  a d d itio n  to  w ith in  country  comparisons.
I t  may be expec ted , however, t h a t  any a s so c ia t io n  between th e  
s t a te d  v a ria b le s  nay be obscured , weakened, o r  hidden by 
geographic, economic o r  o th e r  fa c to rs . In  o th e r  words, re g io n a l 
v a r ia tio n  nay obscure o r  b ia s  v a ria b le  r e la t io n s  when tak in g  
in to  account th e  e n t i r e  un iverse  o r sample. Thus, theorms seven 
through n ine which have as t h e i r  u n it  o f  a n a ly s is  "un iverses o f  
co u n tries"  a re  s ta te d  as fo llow s:
Theorm 7: W ithin un iverses o f  c o u n tr ie s , th e  g re a te r  th e
EPC a t  Tq, th e  g re a te r  th e  OCCUDIFF a t  Tq.
Theorm 8: W ithin un iverses o f c o u n tr ie s , th e  g re a te r  th e
EPC a t  Tq, th e  g re a te r  th e  GOVEXP a t  Tq.
Theorm 9: Within m iv e rse s  o f  o o in tr ie s , th e  g re a te r  the
EPC a t  Tq, the g re a te r  the  TOTCIRC a t  Tq.
Hypotheses
The follow ing hypotheses a re  constructed  from th e  theorms 
fo r  an em pirica l t e s t .  The term " re fe re n t"  i s  used to  designate 
the  a c tu a l value o f  th e  r e f e r e n t ia l  as c a lc u la te d  a t  T.
1 . Among c o u i t r ie s ,  the g re a te r  th e  re fe re n t fo r  EPC a t
TQ, th e  g re a te r  th e  re fe re n t fo r  OCCUDIFF a t  T q .
2. Among co u n tr ie s , th e  g re a te r  th e  re fe re n t fo r  EPC a t
T q ,  th e  g re a te r  th e  re fe re n t fo r  GOVEXP a t  T q .
3. Among o o u n trie s , th e  g re a te r  th e  re fe re n t fo r  EPC a t
T q ,  th e  g re a te r  th e  re fe re n t f o r  TOTCIRC a t  T q .
4. W ithin o o u n trie s , th e  g re a te r  "the re fe re n t  fo r  EPC a t  
T , the g re a te r  the  re fe re n t  fo r  OCCUDIFF a t  T^>-
5. Within co u n tr ie s , th e  g re a te r  th e  re fe re n t  fo r  EPC a t  
T^ 2 j "the g re a te r  th e  re fe re n t  fo r  GOVEXP a t  T ^ .
6 . Within c o u it r ie s ,  the  g re a te r  th e  re fe re n t fo r  EPC a t  
T-^2 3 th e  g re a te r  th e  re fe re n t fo r  TOTCIRC a t  T-^ ■
7. Within universes o f  o o u n tr ie s , the  g re a te r  th e  re fe re n t  
f o r  EPC a t  Tq, th e  g re a te r  the  re fe re n t  fo r  OCCUDIFF a t  Tq.
8 . Within un iverses o f  c o u it r ie s ,  the  g re a te r  the  re fe re n t  
fo r  EPC a t  T q ,  th e  g re a te r  th e  re fe re n t  fo r  GOVEXP a t  TQ.
9. Within m i  verses o f  c o u itr ie s ,  th e  g re a te r  th e  r e f e r e n t  
fo r  EPC a t  T q . ,  th e  g re a te r  th e  re fe re n t fo r  TOTCIRC a t  T q .
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U ii t  o f  A nalysis
The u n i t  f o r  analyses to  be conducted in  a l l  cases i s  a  
coun try . A country  i s  defined  here  as a  t e r r i t o r i a l  u n i t  which 
provides a  residence  fo r  membership in  a  p o l i t i c a l l y  autonomous 
p o p u la tio n . A t e r r i t o r i a l  u n i t  defines space which may o r  nay 
n o t involve contiguous a re a s . Hawaii and A laska a re  n o t  t e r r i t o r i ­
a l ly  contiguous w ith  th e  r e s t  o f  -the U nited S ta te s  but a re  
t e r r i t o r i a l  p a r ts  o f  i t  p o l i t i c a l l y .  This i s  a lso  th e  case w ith  
is la n d s  which a re  considered  as p a r t  o f  a  country . Furtherm ore, 
membership in  a  p o l i t i c a l l y  autonomous population  im plies c e r ta in  
r ig h ts  and o b lig a tio n s  s p e c if ic  to  t h a t  p o p u la tion . Ih u s , th e  
r ig h t  t o  d ec la re  and engage in  war as w e ll as s e t t in g  l im its  
o r  r e s t r i c t io n s  an membership (c it iz e n sh ip )  and m igration  in to  
th e  t e r r i t o r y  a re  func tions o f  a  p o l i t i c a l  s t ru c tu re .  For 
purposes o f  o p e ra tio n a liz a tio n , a  country  i s  recognized  as an 
in s tan c e  o f  a  s o c ie ty  and i s  assumed to  be a  s o c ia l ly  and 
p o l i t i c a l l y  recognized category . This should n o t obscure th e  
f a c t  t h a t  p r e l i t e r a t e  and w ell a s  modem peoples e x i s t  as 
s o c ie t ie s  w ith in  a  country . For the purpose h e re ,  c o u n tr ie s  as 
recognized  and defined  by th e  United N ations w i l l  be  used.
Levels o f  Analyses
The le v e l  o f  a n a ly s is  i s  e s s e n t ia l ly  t h a t  o f  a  com paritive 
view, bo th  w ith in  and acro ss  o o in tr ie s  a s  s o c ia l  system s. As 
re f le c te d  in  th e  hypo theses, th e re  a re  th re e  sub leve ls  o f  analyses 
p e r ta in in g  to  c o u n tr ie s  as whole system s.
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1. Across country a n a ly sis  -  Hypotheses one through th ree  
a re  s ta te d  w ith  reference  to  achieving c o rre la tic n s  among v a riab le s  
across a  sample o f  c o u itr ie s  w ith  th e  cond ition  th a t  th e  sample 
be taken from a  de lim ited  tim e period . I t  would h a rd ly  be expected 
th a t  inform ation on a l l  v a riab le s  f o r  a l l  co u n tries  in  a  sample 
would be a v a ila b le  fo r  a  given year and t h i s  i s  in  f a c t  th e  case. 
For among country  a n a ly s is , th en , samples w i l l  be derived  from 
de lim ited  tim e periods which c lo se ly  follow  census and o th e r  
d a ta  ga thering  in te rv a ls  fo r  most c o u it r ie s .  Four time in te rv a ls  
have been defined:
In te rv a l 1: 1950-1959 TQ = *£
In te rv a l  2: 1960-1964 = T2
In te rv a l 3: 1965-1969 Tq = T3
In te rv a l 4: 1970-1974 TQ =
A nalysis w il l  be conducted fo r  each tim e in te rv a l  fo r  among 
country  study. Among country analyses w i l l  provide an o v e ra ll 
g en era l, bu t s t a t i c  p ic tu re  o f  th e  re la tio n sh ip s  among v a ria b le s .
I f  th e re  i s  a  higji a sso c ia tio n  among v a ria b le s  across c o u n tr ie s , 
i t  can be assumed th a t  system ( i . e . ,  ao u itry ) v a riab le s  a re  
reduced o r  a re  non-opera tive . On the  o th e r  hand, i f  a sso c ia tio n s  
among v a riab le s  are low, then system ic v a ria b le s  ( i . e . , w ith in  
c o u n trie s )  nay be o p e ra tiv e . In o th e r  words, the  t o t a l  v a ria tio n  
among v a riab le s  i s  a  sum o f  th e  w ith in  country v a r ia tio n , the  
among country v a r ia tio n  and p o ss ib le  random o r  system atic  e r ro r .^
^Adam Przeworski and Henry Tteune, Logic o f  C onparitive 
S o c ia l Inqu iry . W iley-Ih terscience: New York! 1970. Chapter 3.
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2. Within com  t r y  a n a ly sis  -  M  an a ly sis  o f  th e  re la tio n sh ip  
among v a ria b le s  over time w ith in  ooun tries gives a  dynamic 
p ic tu re  and a  g re a te r  p o s s ib i l i ty  o f  a ssess in g  tren d s . Each 
country would -therefore be considered an independent case o f
the  ex is ten ce  o f  any a sso c ia tio n  among v a riab le s  which may be
c
obscured by ac ro ss -co u rtry  ob serv a tio n s. For th i s  purpose, 
the  tim e in te rv a l  1950-1974 i s  observed fo r  each country in  
the sample in  assess in g  any general evo lu tionary  tren d .
Hypotheses fou r through s ix  a re  designated  to  t e s t  w ith in  
country a sso c ia tio n s  where T-^ rep re sen ts  th e  in te rv a l  from 
T-l (1950) th roug i (1974).
3. Universes o f  o o u n trie s  a n a ly sis  -  I t  m y  be expected 
th a t  d iffe ren ces among coun tries w ith re sp e c t to  o t t e r  c h a rac te r­
i s t i c s  may obscure any re la tio n sh ip s  among v a ria b le s  t h a t  do in  
f a c t  e x is t .  Across country a n a ly s is  does n o t take  in to  consider­
a tio n  reg iona l and economic d iffe re n c e s , among o th e rs . Far th is  
purpose, un iverses o f  oountries a re  defined  as samples o f  
coun tries w ith s im ila r  c h a ra c te r is t ic s  in  a  de lim ited  tim e in te r v a l .
Ih iv e rse  1 : Continent. Countries w il l  be analyzed f o r
any a sso c ia tio n  among v a riab le s  fo r  each 
co n tin en t. Continents w i l l  be designated  as 
North America, South America, Europe, A sia ,
A fric a , and Ooeania, follow ing the  standards 
o f  co n tin en ta l designation  o f  coun tries by th e  
U nited N ations. Thus, the  t e r n  "un iverses o f
5The question  o f independence o r  "G alto n 's  Problem" 
w i l l  be considered subsequently.
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ooun tries"  as s ta te d  in  th e  hypotheses (seven 
through n in e) r e fe r s  to  observations w ith in  
co n tin en ts .
U niverse 2: Economic Category. C ountries w il l  be analyzed 
fo r  any a s so c ia tio n  airong v a ria b le s  f o r  
each economic ca tego ry . Economic category 
r e f e r s  to  th e  type  and le v e l  o f  economy 
o f  a  country a s  designated  by th e  United 
N ations. Thus, a n a ly s is  w i l l  be conducted 
fo r  fo u r c a te g o rie s : developed market econ­
omies, developing market economies, developed 
c e n tra l ly  planned economies, and developing 
c e n tra l ly  planned economies. The term  
"un iverses o f  c o u it r ie s "  in  hypotheses 
seven through n ine  r e f e r s  to  observations 
o f  ooun tries w ith in  eoonomic c a te g o r ie s .
Ih iv e rse  3: Level o f  Energy. Assuming th a t  Universes one 
and two above may n o t r e f l e c t  accu ra te  
s im i la r i t i e s  an th e  c h a r a c te r is t ic  o f  energy 
p roduction , c o u n trie s  w i l l  be ranked cn th e  
values o f  energy p e r c a p i ta  (EPC) and th re e  
le v e ls  o f  energy production  c re a te d , namely, 
High, Medium, and Low. C ountries w i l l  then  
be analyzed fo r  any a s so c ia tio n  among 
v a r ia b le s  th a t  nay e x is t  w ith in  each energy 
le v e l .
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Hie assumption i s  th a t  c o u n tr ie s  whose
independart v a r ia b le , i . e . ,  energy p e r
c a p ita ,  i s  f a i r l y  d i f f e r e n t  may obscure
any p o ss ib le  re la tio n sh ip s  t h a t  in  f a c t
e x is t .  I t  may be expected , f o r  example,
t h a t  co u n tries  which a re  f a i r l y  low in
p e r  c a p ita  energy have a  " lcn g  way t o  go"
n o t on ly  in  term s o f  energy p roduction  bu t
a lso  w ith reg a rd  to  o th e r  developmental
and growth f a c to r s .  O oun tries, however,
h igh  in  p e r  c a p ita  energy and "high" in
*
o th e r  c h a ra c te r is t ic s  such a s  occupational 
d i f f e r e n t ia t io n  have a  " sh o r t way t o  go" 
T h eo re tica lly  th e re  i s  no l im i t  to  energy 
p e r  c a p i ta  b u t th e o re t ic a l ly  and p r a c t ic a l ly  
t h i s  i s  n o t the  case w ith  o th e r  fa c to rs  
such as occupational d i f f e r e n t ia t io n  and 
t i e  p ropo rtion  o f  governmental expend itu res. 
Thus, re la tio n s h ip s  among v a r ia b le s  fo r  
h igh  energy producing c o u n tr ie s  may obscure 
th e  r e la tio n s h ip s  among v a ria b le s  fo r  low 
a n d /o r medium ooun tries in  a  t o t a l  across 
coun try  a n a ly s is .
In  a l l  u n iv e rse s , (c o n tin e n t, economic ca tego ry , and le v e l  o f  
energy) analyses w i l l  be conducted in  a  d e lim ited  tim e in te r v a l .  
Thus, hypotheses seven through n in e  a re  designed t o  t e s t  w ith in
universes o f  ooun tries fo r  a sso c ia tio n  between -die v a riab le s  
fo r  fo u r time in te rv a ls  whereby
In te rv a l  1: 1950-1959 itE-P Ti
In te rv a l  2: 1960-1964 itH° T2
In te rv a l 3: 1965-1969 cF n T3
In te rv a l  4: 1970-1974 nE-P
The Sample
One o f  tiie g re a te s t  problems o f  c ro ss -n a tic n a l research
i s  sampling b ias  due to  e i th e r  paucity  o f  d a ta  o r  a  sample which
does n o t accu ra te ly  r e f l e c t  a  un iverse  from which th e  sample i s
drawn. With re sp e c t to  the l a t t e r ,  any sample o f  ooun tries
in  the  tim e frame defined  (1950-1974) i s  b u t a  sm all in te rv a l
in  th e  t o t a l  tim e in te r v a l  which begins w ith  the  advent o f  the
modem n a tio n -s ta te .  Thus, even w ith  the  twenty f iv e  year
*
in te rv a l  considered th e re  e x is ts  th e  danger o f  gen era liz in g  
to  a  un iverse  o f  co u n trie s  in  th e  p a s t .  A r e la te d  problem has 
to  do w ith  the  f a c t  t h a t  the u n it  o f  a n a ly sis  i s  -that o f  a  
country as an in stan ce  o f  a  so c ie ty . Since th e  ccncem  i s  w ith 
th e  ev o lu tionary  growth and development o f  human s o c ie t ie s , the  
id e a l  universe i s  one which c o n s is ts  o f  a l l  known s o c ie t ie s ,  
p a s t and p resen t. Data simply do n o t e x is t  f o r  the  v a riab le s  
as -they have been defined  fo r  those s o c ie t ie s  in  Murdock's
g
World Ethnographic Sample. T herefore, a  sanple o f  so c ie t ie s  as 
oountries may only be generalized  to  a  universe o f  so c ie tie s
®George P. Murdock,1 'World Ethnographic Sanple"
American A nthropologist 59:664-687. 1957.
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which a re  s o c ia l ly  and p o l i t i c a l l y  recognized  as c o u n tr ie s  in  
th e  modem e ra .
With re s p e c t  to  the  p au c ity  o f  d a ta , th e re  are  two s ig n if ic a n t  
o b s ta c le s  to  be considered . One i s  th e  p au c ity  o f  adequate  d a ta  
o r  in d ic a to r s .  The inadequacy o f  s o c ia l  in d ic a to rs , p a r t ic u la r ly  
w ith  re s p e c t to  c ro s s -n a tio n a l a n a ly s is ,  i s  a  fa m ilia r  problem 
o f  s o c ia l  re se a rc h . While energy p roduction  i s  a  f a i r l y  s t r a ig h t ­
forw ard in d ic a to r  o f  inanim ate energy conversion , th e  o th e r  
r e f e r e n t ia l s  as th ey  were defin ed  were chosen la rg e ly  cn th e  
b a s is  o f  th e  d a ta  t h a t  were a v a ila b le  and which oould p o ss ib ly  
be used as prim ary o r  secondary in d ic a to r s  o f  s o c ie ta l  growth 
and development along th e  l in e s  o f  th e  theory  proposed. C en tra l­
iz a tio n ., f o r  exanp le , oould be rep re se n te d  by a  nunber o f  
r e f e r e n t ia l s  t h a t  oould more d i r e c t ly  and adequately re p re se n t  
c e n tr a l iz a t io n  p e r  se as a  co o rd in a tin g , cooperating , and sub­
o rd in a tin g  s t ru c tu re .  However, the  la c k  o f  such d a ta  fo rce  one
to  use what may be term ed "proxy in d ic a to rs "  which in d i r e c t ly
7measure a  concept.
A second o b s ta c le  has to  do w ith  th e  paucity  o f  th e  d a ta  
w ith  re s p e c t to  th e  r e f e r e n t ia l s  them selves. That i s ,  g iven  
th e  r e f e r e n t i a l s  a s  they  were d efin ed , th e  av a ilab le  d a ta  in  
nany cases a re  e i t h e r  m issing o r  o f  q u estionab le  v a l id i ty .
Many o o u n tr ie s , p a r t ic u la r ly  those  o f  communist o r ie n ta t io n ,  do n o t
Raoul N a ro ll, Gary L. M ichik, Freda N aro ll, "H o lo g e is tic  
Theory Tfesting" in  Joseph G. JorgenBen, ed . Oomp a r i t iv e  S tud ies 
By H arold E. D river and Essays in  His Honor. HRAF P re ss : Ifew 
HavenT '  19747 ~ p p rK I= lW V  -----------------------
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piublish o r  make c e r ta in  ty p es o f  d a ta  a v a ila b le . Even when such 
d a ta  do e x i s t  they  a re  n o t  o f te n  a v a i la b le ,  a s in  th e  case w ith  
energy , on a y e a r by y e a r  b a s is  as d is c re te  measures fo r  each 
p a r t i c u la r  year.
The conclusion from ju s t  these  two o b s ta c le s  i s  t h a t  a  
p ro b a b il i ty  o r  random sample would be d i f f i c u l t  to  ach ieve , 
e s p e c ia lly  given the  requirem ent fo r  an adequate number o f  
o o u n trie s  to  achieve c o rre la tio n s  among th e  va rious u n iv erses . 
Thus, use w i l l  be made o f  th e o re t ic a l  sam pling. In  essence, 
th e o re t ic a l  sam pling i s  used by re se a rc h e rs  to  d isco v er th e  
d ire c tio n  o f a  re la tio n s h ip  o r  to  check out what re la tio n s h ip s  
m ight in  f a c t  e x is t .  The assum ption, g iven a  b ia se d  sam ple, 
i s  th a t  i f  a  r e la t io n s h ip  among th e  r e f e r e n t ia l s  a c tu a l ly  e x i s t s ,  . 
such a  re la tio n s h ip  would dem onstrate i t s  e x is te n ce  o r  p e rs is te n c e  
reg a rd le ss  o f  th e  n a tu re  o f  th e  sanp le . Thus, i f  c o rre la t io n s  
a re  s ig n i f ic a n t  th e re  i s  a  b a s is  fo r  continued re sea rch ; i f  
c o rre la t io n s  a re  n o t  s ig n i f ic a n t ,  i t  would prcbab ly  be w e ll to  
d iscon tinue  f u r th e r  e f f o r t s . 8
The a c tu a l sample was made up o f  a l l  -those o o u n trie s  fo r  
which d a ta  were a v a i la b le . The prime co n s id e ra tio n  was d a ta  on 
energy p roduction  which produced a  sample o f  seventy  co u n tries  
w ith  one o bserva tion  f o r  every y ear from 1950 to  1974 in c lu s iv e .
8For th e o re t ic a l  sam pling see Barney G. G lazer and 
Anselm L. S trauss "T h eo re tica l Sampling" in  Norman K. Denzin, 
ed . S oc io log ica l Methods: A Sourcebook. Aldine P ub lish ing  Cb.:  
Chicago. 1970. pp. 105-114. Also7T&oul N a ro ll , "What Have 
We lea rned  Prom C ross-C u ltu ra l Surveys?" American A nthropo log ist 
72:1227-1289. 1970. P. 1230.
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From th is  p o in t d a ta  were c o llec ted  fo r  eleven o th e r  variab les 
from various sources, p rim arily  p u b lica tio n s  o f  the  United N ations. 
An a tte n p t was made to  secure a  record  fo r  each v a ria b le  fo r  
each o f  th e  seventy coun tries fo r  each y ear. Thus, in  e f f e c t  
two sanples were c re a te d , one an o v e ra ll  sanple o f  seventy 
co u n tries  invo lv ing  d a ta  on a  t o t a l  o f  f i f te e n  v a riab le s  and th e  
o th er a  w ith in-oountry  sample o f  seventy oountries involv ing  
twenty f iv e  observations fo r  a l l  the  v a riab les  fo r  each country.
In many in stances d a ta  were m issing o r  q u estio n ab le ; th i s  made 
a  complete reoord fo r  each y ear fo r  each country in  th e  sanple 
a  ra re  occurence.
When a l l  the  a v a ila b le  d a ta  were c o lle c te d , tim e in te rv a ls  
which more o r  le s s  p a ra lle le d  census and o th e r  d a ta  c o lle c tio n  
methods were e s ta b lish e d , these  being  the  periods 1950-1959, 
1960-1964, 1965-1969, and 1970-1974. Within each time period  
a  sanple o f  ooun tries was chosen c o n s is tin g  o f  one observation  
fo r  each country. Observations were chosen in  each tim e in te rv a l  
to  be as close  as p o ss ib le  to  a  given year. In  most in s ta n c e s , 
observations tended to  be c lu s te red  around a given y ea r; thus 
fo r  the  in te r v a l  1950-1959 fo r  example, most observations on the  
v a riab le s  fo r  which d a ta  was a v a ila b le  tended to  c lu s te r  around 
1950-1952.
The r e s u l t  was a  ncn-randcm sanple o f  seventy coun tries 
p e r  tim e in te rv a l .  Appendix C p resen ts  a  l i s t i n g  o f  these 
countries f o r  each time in te rv a l along w ith  t h e i r  re fe re n ts
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w hile Appendix D p re se n ts  a  l i s t i n g  o f  a l l  th e  v a ria b le s  which were 
coded.
Data
The d a ta  on energy was a t ta in e d  from World Energy Supplies 1950-
9
197M-. D ata on energy was c o lle c te d  in  term s o f  f iv e  c a te g o rie s :
1. Energy -  T o ta l Primary Production. The d a ta  fo r  p roduction  
r e f e r s  t o  th e  f i r s t  s tag e  o f  p roduction  o f coal and l ig n i t e ,  crude 
petroleum  and n a tu ra l  gps l iq u id s ,  n a tu ra l  gas and hydro-nuclear 
e l e c t r i c i t y .  F i r s t  s ta g e  p roduction  means production  a t  th e  mine fo r  
hard c o a l ,  p roduction  o f  o i l  and gas w e lls  fo r  crude petroleum  and 
n a tu ra l  g as, p roduction  a t  p ro cessin g  p la n ts  and w e lls  f o r  n a tu ra l  gas 
l iq u id s ,  and p roduction  o f  g en era tin g  p la n ts ,  bo th  hydro and n u c lea r, 
fo r  e l e c t r i c i t y .  Thus, th e  d a ta  r e f e r  to  f i r s t  conversion p rocesses 
from th e  m a te r ia l o r flow  in  th e  n a tu ra l  environment.
2. Energy -  E xports. This re p re se n ts  a l l  forms o f  c o a l and l ig n i t e ,  
crude petroleum  and n a tu ra l  gas and n a tu ra l  gas l iq u id s ,  and hydro- 
nu c lear e l e c t r i c i t y  which a re  exported from a  coun try  from which i t  
o r ig in a te d .
3. Energy -  Im ports, T his re p re se n ts  a l l  forms o f  c o a l and 
l i g n i t e ,  crude petroleum  and n a tu ra l  gas and n a tu ra l  gas l iq u id s ,  and 
hydro-nuclear e l e c t r i c i t y  which a re  in p o rted  by a  country  t h a t  i s  
t h e i r  f i n a l  d e s t in a tio n .
^United N ations, Department o f  Economic and S ocial A f fa ir s ,  
S t a t i s t i c a l  O ffice . World Energy S upplies 1950-1974. S t a t i s t i c a l  
Papers, S e rie s  J .  No. 19. 1976.
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4 . Energy -  T b ta l Aggregate Consumption, This r e f e r s  to  
a l l  forms o f  energy mentioned above which a re  converted in to  
work an d /o r h e a t and .which r e f l e c t s  the a v a ila b le  energy which 
i s  a c tu a lly  pu t to  u se . T otal aggregate consumption i s  based  
on th e  formula: T b ta l Primary Production + Im ports -  E xports
-  Bunkers + A dditions to  Stocks = T otal Aggregate Consumption. 
Bunker d a ta  r e f e r  to  fu e ls  su p p lied  to  sh ip s  and a i r c r a f t  in  
in te rn a t io n a l  tra n sp o rta tic r t  i r r e s p e c t iv e  o f  th e  f la g  o f  th e  
c a r r i e r .
5. Energy Per C ap ita . This i s  th e  T o ta l Aggregate Consumption 
d is tr ib u te d  among a  c o u n try 's  t o t a l  popu lation  fo r  a  given y ear 
d iv ided  by th e  t o t a l  popu lation  fo r  th e  same y ear.
A ll q u a n ti t ie s  a re  in  m illio n  m etric  to n s o f  coal eq u iv a len t 
w ith  th e  exception  o f  energy p e r  c a p i ta  which i s  in  kilogram s 
p e r  c a p ita  o f  ooal e q u iv a le n t. Coal e q u iv a len ts  a re  c a lc u la te d  
on th e  b a s is  o f h e a t  energy which may be ob ta ined  from each 
energy source in d e r  id e a l  c o n d itio n s . S pecia l no te  should  be 
taken o f  th e  f a c t  t h a t  -these d a ta  re p re se n t forms o f  commercial 
energy s in ce  th e re  i s  a  poverty o f  r e l ia b le  d a ta  cn o th e r  energy 
sources such as fuelwood, bagasse, paddy husks and o th e r vegeta l 
w astes .
The com pilation and reco rd ing  o f  d a ta  f o r  th e  f i r s t  fo u r 
energy v a ria b le s  above were rounded to  th e  n e a re s t  te n th  o f  a  
decim al.
The d a ta  used f o r  conputing o ccupa tiona l d i f f e r e n t ia t io n
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o r  OCCUDIFF were ob ta in ed  from th e  Yearbook o f  Labor S t a t i s t i c s . ^  
The In te rn a tio n a l  Standard C la s s if ic a tio n  o f  Occupations (ISCO) 
was used f o r  d e riv in g  types o f  o ccupa tions. These c a te g o rie s  
along w ith  t h e i r  code numbers inc lude:
P ro fe ss io n a l, T echnical and R elated  Occupations 0-1
A d m in is tra tiv e , E xecutive , and Managerial 2
C le r ic a l  and R ela ted  3
Sales 4
Serv ice  5
A g r ic u ltu ra l ,  Animal Husbandry, F o re s try ,
Fishermen, H unters ' 6
Production  and R elated  Workers, T ran sp o rt, 7-9
O perators and Laborers 
Armed Forces 10
Not C la s s if ia b le  11
A number o f  oo u n trie s  c la s s i f i e d  Production and R elated  
Workers (7-9) in to  more s p e c i f ic  c a teg o rie s  o f  M inors, Trans­
p o r t  W orkers, and C ra fts . Where t h i s  was th e  case , th e s e  were 
concatenated  in to  one, namely Production and R ela ted  Workers 
to  conform to  th e  c la s s i f ic a t io n  s tan d ard  (ISOO). The d a ta  fo r  
each category  re p re se n ts  th e  number employed in  t h a t  category  
as determ ined by census, la b o r  sanp le  survey o r  o f f i c i a l  e s tim a te s . 
3h some cases some c a te g o r ie s , such as A dm in istra tive  and C le r ic a l  
Workers were in  combined form f o r  c e r ta in  y ears . In  those  c a se s , 
th e  d a ta  f o r  a  proceeding and a  succeeding y e a r  where ca teg o rie s
•^ In te rn a tio n a l  Labor O ffice . Yearbook o f  Labor S t a t i s t i c s .  
Geneva. 1965, 1968, 1970, 1974.
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were n o t combined were used to  in te rp o la te  e s tim a te s  and f o r  
d iv id in g  an aggregate  in to  se p a ra te  c a teg o rie s  to  conform to  
th e  ISCO. In  some in s tan c es  d a ta  were combined from more th an  
two c a teg o rie s  and in  t h a t  case  th e  observation  was om itted .
In a d d itio n  to  th e  number employed in  each occupational 
ca tego ry , a  number was assigned  to  each country  fo r  each y e a r  
in d ic a tin g  th e  t o t a l  number o f  c a teg o rie s  fo r  which d a ta  were 
a v a ila b le . This included a l l  the  c a teg o rie s  from zero to  t e n ,  
counting 0-1 and 7-9 as each re p re se n tin g  one category .
I t  should be no ted  th a t  because a  la rg e  p a r t  o f  th e  d a ta  
in  the  Yearbook o f  Labor S t a t i s t i c s  were based on census d a ta ,  
th e re  a re  many in stan ces where d a ta  were r e p e t i t io u s  frcm one 
y ear to  the n e x t u n t i l  th e  n ex t census y e a r , a  la b o r  sample 
survey was undertaken , o r  o f f i c i a l  e stim ates  given.
The d a ta  f o r  th e  p e rc en t o f  government expenditures o f  
th e  Gross Domestic Product were derived  from th e  Yearbook o f  
N ational Account S t a t i s t i c s .^ 1 This d a ta  re p re se n te d , a s  a  
percentage o f  th e  Gross Domestic P roduct, government expend itu res 
fo r :
Purchases, le s s  s a l e s ,  o f  goods and se rv ic e s  on 
c u rre n t accounts.
Cbnpensation o f  employees
Consumption o f  f ix e d  a s s e ts .
Payment o f  in d ir e c t  ta x e s .
The Gross Domestic Product i s  th e  d iffe re n c e  between the  Gross
11U nited  N ations, Department o f  Economic and S o c ia l A ffa ir s  
S t a t i s t i c a l  O ffice . Yearbook o f  N ational Account S t a t i s t i c s .
Table 2. 1950, 1953, T954, 15 SB, 195'8. '
N ational Product and the  Net F a c to r  Income from abroad in  
c u rre n t pu rchasers values. As much as p o ss ib le , d a ta  was 
o b ta in ed  from ta b le s  in  those N a tio n a l Account S t a t i s t i c s  
volumes which o f fe re d  d a ta  fo r  th e  g re a te s t  number o f  
success ive  y e a r s . Such data re p re se n te d  com parability  in  
t h a t  a l l  GNP va lues were s tan d ard ized  to  c u rren t purchasers 
v a lu e s , 1 c u r re n t ' meaning the y e a r f o r  which the l a t e s t  d a ta  
was a v a i la b le . For some years, e s p e c ia l ly  befo re  th e  new 
system  o f  n a tio n a l accounts was i n s t i t u t e d ,  percen tages o f  
government expend itu res  were n o t g iven  bu t d a ta  fo r  Gross 
Domestic Product and government ex p en d itu res  were a v a ila b le  
in  term s o f  currency  values p a r t i c u l a r  to  a coun try . In  those 
o ases , Gross Domestic Product was d iv id e d  in to  government 
expend itu res to  ach ieve  a  p e rcen tag e .
The da ta  f o r  d a ily  newspaper c ir c u la t io n  was taken
from various volumes o f  the U.N.E.S.C.O. S t a t i s t i c a l
12Yearbook. Data f o r  d a ily  g en era l in te r e s t  newspapers 
was c o lle c te d  and coded fo r 1) th e  number o f newspapers 
p u b lish ed , and 2) th e  to ta l  c i r c u la t io n  o f a l l  newspapers 
p e r  -thousand p o p u la tio n  fo r a  co u n try  on a d a ily  b a s is  
in  a  given y ear. D aily  general i n t e r e s t  newspapers a re  
defined  as "a  p u b lic a tio n  devoted p r im a r ily  to  reco rd in g  
news o f  c u rre n t e v en ts  in  pub lic  a f f a i r s ,  in te rn a t io n a l  a f f a i r s ,  
p o l i t i c s ,  e tc .  and which i s  p u b lish ed  a t  le a s t  fo u r tim es a  week.
-^U nited N ations, Economic and Social C ouncil. UNESCO 
S t a t i s t i c a l  Yearbook. Unesco P re ss : P a r is .  1963 -  1975.
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Problems R e la tin g  to  A C bnparitive Study
A ll the  problems encountered in  com paritive re sea rch  
o f  s o c ie t ie s  an d /o r c u ltu re s  a re  encountered in  th i s  type 
o f  study . These problems may be s ta te d  as fo llow #.
1. Com parability o f  Data. As much as p o ss ib le  th e  United 
N ations and i t s  d a ta  c o lle c t in g  agencies as w e ll as th e  
In te rn a tio n a l Labor O ffice  s t r i v e  to  o b ta in  uniform  accounts 
o f  census in fo rm ation , sample surveys and o f f i c i a l  e s tim a te s . 
These and o th e r  means o f  c o lle c t in g  d a ta  o f f e r  no c e r ta in ty  
o f  com parab ility  across o o u n tr ie s . Energy d a ta , f o r  example, 
a re  compiled from in d iv id u a l q u estio n n a ire s  d is t r ib u te d  by 
the S t a t i s t i c a l  O ffice  o f  th e  N ation N ations, supplemented 
by o f f i c i a l  n a tio n a l  s t a t i s t i c a l  p u b lic a tio n s . A lthou^i t h i s  
k ind  o f  d a ta  i s  perhaps cne o f  th e  most manageable and one 
o f  th e  most r e l i a b l e ,  one may assume th a t  a t  l e a s t  some 
v a r ia tio n  e x is ts  in  term s o f  c r i t e r i a  and methods o f  c o lle c t io n . 
With reg a rd  to  newspaper c ir c u la t io n  th e re  i s  again  an 
assum ption th a t  newspapers o f  " d a ily  general in te r e s t"  a re  
defined  uniform ly in  a l l  c o u n trie s  and t h a t  c ir c u la t io n  f ig u re s  
are  defin ed  accord ing  to  s tan d ard ized  c r i t e r i a .
Government expend itu res and d a ta  on occupational ca teg o rie s  
o f f e r  more severe  problems o f  com parab ility . With reg a rd  
to  th e  form er, what may be inc luded  as " f in a l  government 
consumption" in  cine country may n o t be inc luded  in  ano ther. 
E xpenditures f o r  defense i s  one example. Government expenditures
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m y  be in f la te d  o r  d e f la te d , depending on c r i t e r i a  o f  what 
should be included  and depending on p o l i t i c a l  m o tiva tions.
Even w ith  th i s  cau tion , th e  problems in  achieving  com parability  
w ith  regard  to  gross domestic p roduct a re  questionab le  to  say 
the  l e a s t .
With re sp e c t to  occupational d a ta , the  problem o f  c la s s i ­
fy ing  v a s t numbers o f  occupations in to  a  lim ite d  number o f  
types as e s ta b lish e d  by th e  IS CO allow s fo r  th e  p o s s ib i l i ty  
th a t  occupations in  d if fe re n t  co u n tries  a re  n o t "typed" 
s im ila r ly .
2. R e l ia b i l i ty .  As in  a l l  cases o f  d a ta  c o lle c tio n , 
r e l i a b i l i t y  r e fe r s  to  th e  consistency  among observers in  
reco rd ing  and losing a  given s e t  o f  d a ta . The p o s s ib i l i ty  
always e x is ts  in  d a ta  o f  the type used in  th is  a n a ly sis  o f  
inform ant e r r o r  (o r ig in a tin g  in  th e  country) and re p o r te r  e r ro r  
( e i th e r  by th e  country o r  by decisions o f  the f in a l  rep o rtin g  
agency such as th e  United Nations s t a t i s t i c a l  o f f ic e s )  o r  both .
In  c o lle c t in g  and rep o rtin g  data  an energy production o r  occu­
p a tio n a l c a te g o rie s , fo r  example, no c e r ta in ly  o f  accuracy e x is ts  
e sp e c ia lly  s in ce  th ese  two types o f  inform ation must be re tr ie v e d  
from various and d iverse  sources w ith in  an e n t i r e  n a tio n .
3. V a lid ity . The question o f  v a l id i ty  l i e s  in  whether the  
r e f e r e n t ia l  measures in  f a c t  what i t  i s  assumed to  measure.
As p rev iously  mentioned, the  pauc ity  o f  so c ia l  in d ic a to rs  forces 
th e  use o f  secondary o r  "proxy" in d ic a to rs  which in d ire c t ly  
measure a  concept. Whether newspaper c irc u la t io n  i s  a  v a lid
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measure o f  inform ation d is tr ib u t io n  as i t  was defined  and conceptualized 
i s  an assumption o f  th e  f i r s t  o rder. The same i s  t r u e  o f  government 
expenditures as an in d ic a to r  o f c e n tra l iz a tio n , fo r  in  th i s  case an 
in d ic a to r  which i s  e s s e n t ia l ly  economic i s  being used to  measure th a t  
which i s  e s s e n t ia l ly  a  power arrangement in  a  country.
A nother. problem has t o  do w ith  occupational d i f f e r e n t ia t io n  as 
defined  by th e  r e f e r e n t ia l  OCCUDIFF. As a  measure o f d isp e rs io n ,, i t  
does n o t take  in to  account th e  proportion  o f  th e  lab o r fo rce  w ith  
regard  to  th e  e n t i r e  population . T h eo re tica lly , a t  l e a s t ,  th e  calcu­
la te d  value o f  OCCUDIFF fo r  a  country nay be q u ite  h igh and y e t th e  
t o t a l  number of workers accounted fo r  nay rep re se n t a  s n a i l  p roportion  
o f  th e  t o t a l  lab o r fa rc e  o r population  due to  lack  o f  canvassing in  
iso la te d  r u r a l  a re a s . Thus, on both th e  questions o f  co n stru c t v a l id i ty  
and w ith  regard  to  th e  v a lid i ty  o f  th e  d a ta  i t s e l f ,  cau tion  i s  in  o rder 
a t  t h i s  stage o f  te s t in g  any p ro p o sitio n .
4. Independence o f O bservations. A c ru c ia l  problem w ith conpari-
14t iv e  s tu d ie s  i s  what has come to  be known as "G alton1s problem."
The is su e  here  i s  whether each country (or c u ltu re )  in  th e  sample can 
be considered t o  be an independent case o f  s o c ie ta l  t r a i t s  o r  c h a rac te r­
i s t i c s  o r whether such t r a i t s  a re  r e s u l ts  o f  d if fu s io n  'so th a t  independ­
ence does no t e x is t  in  which case c o rre la tio n s  a re  not re p re se n ta tiv e
o f  independent cases and may th e re fo re  be exagge ra ted . A number o f  
so lu tio n s  have been proposed. These e s s e n t ia l ly  revo lve  around e lim i­
n a tin g  th e  e f f e c ts  o f p o ss ib le  d iffu s io n  by te s t in g  fo r  i t s  ex is tence
^ F o r  a  d iscussion  o f  t h i s ,  see: Harold E. D riv er, "D iffusion  
and Evolution" in  Comparitive S tudies by Harold E. D river and Essays 
in  His Honor. Edited by Joseph G. Jorgensen. (HftAT F ress: New Haven. 
W 4 )  pp. 6 0 -6 3 .
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by separa ting  s o c ie t ie s  in to  c u ltu re  types o r t e r r i t o r i a l  a reas  th a t
15a re  no t contiguous and then  sampling from th e s e . The assumption i s  
th a t  by sampling s o c ie t ie s  th a t  a re  t e r r i t o r i a l l y  and c u l tu ra l ly  
d i s t in c t ,  c o rre la tio n s  among t r a i t s  w il l  r e f l e c t  independence. I t  i s  
questionab le , nowever, whether th e  absence o f  geographical propinquity  
o r th e  use o f d i s t in c t  c u ltu re  ty p es can be assumed to  e lim in a te  th e  
p o ss ib le  e ffe c ts  o f  d iffu s io n  in  contemporary so c ie t ie s .
The kind of t r a i t s  being used as measures o f evolu tion  in  th is  
a n a ly s is  a l l  conceivably could be d iffu sed  and adopted from one country 
to  ano ther. Moreover, on th e  conceptual le v e l ,  since th e  concern i s  
w ith  s o c ia l and c u l tu r a l  s tru c tu re s  which a re  evolving, i t  i s  c e r ta in ly  
conceivable th a t  th e  r e la t io n s  between energy conversion and d i f f e r ­
e n tia t io n , c e n tra l iz a tio n , and inform ation a re  not fu n c tio n a lly  r e la te d .
The conclusion i s  th a t  w ithout adequate con tro ls  and methods 
to  d e te c t th e  e f f e c ts  o f  d if fu s io n , one must be aware th a t  t h i s  e ffe c t 
p ossib ly  e x is ts  in  reach ing  any th e o re tic a l  o r em pirical conclusions.
15Harold E. D river and Richard P. Chaney, "C ross-C ultural 
Sampling and G alt on1 s Problem" in  Comparitive Studies by Harold E. 
D river and Essays in  His Honor, pp. 109-121. j fcaoul N aroll, ''I'wo 
S o lu tions to  G alton ' s ’ Problem'^ Philosophy o f  Science 28:15-39, 1961; 
Raoul N aro ll and Roy G. D'Anrade, "Two F u rth er Solutions to  Galton’s 
Problem" American A nthropologist 65:5:1053-1067. 1963. Raoul
N a ro ll, "A F if th  S olu tion  to  G alton1 s Problem" American Anthropolo­
g i s t  66:863-867, 1964; Richard P. Chaney, K eith Morton, T um al
Moore, "On th e  Entangled Problems o f  S e lec tio n  and Conceptual 
Organization" American A nthropologist 74: 221-230. 1972.
210
5, Independence o f  M aasurenent. Id e a l ly , in d ic a to rs  o f  
conoepts should be independent. That i s ,  an in d ic a to r  such as 
government expend itu res m easuring c e n tr a l iz a t io n  should be 
independent o f  an in d ic a to r  measuring so c ia l  d i f f e r e n t ia t io n .
Or, to  pu t i t  o th e rw ise , a re  1he chosen in d ic a to rs  in  f a c t  
m easuring th e  same phenomenon? The answer to  t h i s  depends in  
la rg e  p a r t  upon th e  conceptual design . In h e re n tly  in  modem 
s o c ie t ie s ,  i t  i s  d i f f i c u l t  t o  sep ara te  o u t phenomenal t h a t  a re  
fu n c tio n a lly  in te r r e la te d .  That i s  t o  say  t h a t  one i s  d e a lin g  
w ith  "the c h a r a c te r is t ic s  o f  "syste im ess" in  modem oo u n trie s  
whereby an in d ic a to r  may in  f a c t  be  measuring se v e ra l th in g s  
sim u ltaneously .
With th e  d a ta  a v a ila b le  on co u n trie s  o f  th e  w orld , th e  
in d ic a to rs  ( re fe re n ts )  were chosen an th e  b a s is  o f  t h e i r  v a l id i ty  
in  m easuring th e  concepts a s  w ell as on th e  b a s is  o f  independence. 
Ihe assum ption i s  -that th e se  are  measures o f  th e  degree o f  
economic d i f f e r e n t i a t io n , p o l i t i c a l  c e n t r a l iz a t io n ,  and inform ation  
d is t r ib u t io n .  I t  m y  be contended th a t  th e  r e fe re n ts  a re  a l l  
measures o f  such concepts a s  "m odernization" o r  "economic develop­
ment" which do show c o n s is te n t t i e s  to  energy use in  o o u n tr ie s . 
However, "m o d ern iza tio n ," fo r exanple, may be viewed in  two ways: 
a) as an- economic improvement o f  th e  cond itions o f  l i f e  o r  b) 
as  an in c re a s in g  "syste im ess" o r  s o c ia l  o rd e rin g  o f  re la t io n s h ip s  
in  a  so c ie ty  which m y , b u t n o t n e c e s s a r i ly ,  involve economic 
improvement. Aside from w hether a  group o f  r e fe re n ts  a re  measuring 
d i f f e r e n t  th in g s , th e  is su e  o f  what th ey  are  m easuring i s  in  la rg e
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p a r t  a  function o f  theo ry .
S t a t i s t i c a l  Procedure
The s t a t i s t i c a l  procedure involves c a lc u la tin g  c o rre la t io n  
c o e ff ic ie n ts  between th e  re fe re n t  EPC and the  re fe re n ts  OCCUDIFF, 
GOVEXP, and TOTCIRC, using  Pearson product-moment c o rre la tio n  
c o e f f ic ie n t ,  r .  This was done fo r  each s e t  o f  hypotheses fo r  
each t in e  in te rv a l .
Findings
The r e s u l ts  o f  c a lc u la tin g  c o rre la tio n  c o e ff ic ie n ts  between 
idle re fe ren ts . EPC and OCCUDIFF, GOVEXP, MD TOTCIRC f o r  each 
time in te rv a l  a re  summarized in  Table 2. The c o rre la tio n  o f  
EPC w ith  GOVEXP i s  c o n s is te n tly  lew , a t  most exp la in ing  e ig h t 
p e rcen t o f  the v a r ia tio n  between the  two fo r  the t in e  in te rv a l  
1965-1969. The h ig ie s t  r  fo r  OCCUDIFF i s  .89 fo r  1950-1959, 
but i t  i s  noteworthy th a t  th i s  involves on ly  f iv e  c o u n tr ie s , 
a l l  developing market economies (El Salvador, H a it i ,  I r a n , S. Korea, 
and F i j i ) . A more re p re se n ta tiv e  c o rre la tio n  between OCCUDIFF 
and EPC i s  th a t  o f  th e  o th e r  time in te rv a ls  where r  ranges 
between .37 and .56 . At the  most, th e re fo re , th ir ty -c n e  percen t 
o f  th e  explained v a r ia tio n  in  OCCUDIFF i s  accounted f o r  by EPC. 
F in a lly , r  fo r  EPC and TOTCIRC ranges from .52 to  .74, th e  
l a t t e r  rep resen tin g  f i f ty - f o u r  percen t o f  th e  explained v a ria tio n  
in  TOTCIRC accounted fo r  by EPC in  th e  in te rv a l  1965-1969.
As i t  was expected th a t  reg io n a l v a r ia tio n  would e x is t  which
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TABLE 2
CORRELATIONS BETWEEN RE IE RENTS EPC AND OCCUDIFF, 
GOVEXP, TOTCIRC BY TIRE INTERVAL 1950-1974
Tine In te rv a l EPC c o rre la te d  w ith : r N
1950-1959 OCCUDIFF .89 5
GOVEXP .19 33
TOTCIRC .60 56
1960-1964 OCCUDIFF .45 48
GOVEXP .15 59
TOTCIRC .52 52
1965-1969 OCCUDIFF .56 24
GOVEXP .28 53
TOTCIRC .74 57
1970-1974 OCCUDIFF .37 39
GOVEXP .21 54
TOTCIRC .58 48
would be clouded by c o rre la t io n s  amcng a l l  c o u n tr ie s , c o rre la tio n s  
were c a lcu la te d  fo r  c o u n tr ie s  in  each o f  the  s ix  c o n tin e n ts .
The r e s u l t s  a re  p re se n te d  in  Tables 3 - 6 .  Due to  la c k  of 
observations o r  too  few o b se rv a tio n s , some r ' s  a re  m issing  
although  o b serva tions (N) a re  in c lu d ed . Those cases which have 
an N o f  fou r o r  l e s s  should  be considered  d e le ted  from  a n a ly sis  
a lthough  they appear in  th e  ta b le s .
A comparison o f  each  ta b le  w ith  th e  corresponding y ear in  
Table 2 rev ea ls  t h a t  in  most cases t t e  t o t a l  v a r ia tio n  among a l l  
c o u n tr ie s  does in  f a c t  obscure th e  v a r ia tio n  th a t  occu rs  w ithin  
reg io n s  o r  c o n tin e n ts . Using th e  in te r v a l  1960-1964 a s  an example, 
N orth  America has c o n s is te n t ly  h igh r ' s  among a l l  r e f e r e n ts  while
TABLE 3
CORRELATIONS AMONG REFERENTS FOR EACH
CONTINENT 1950-1959
Energy P er C apita  (EPC) c o rre la te d  w ith : 
OCCUDIFF GOVEXP TOTCIRC
Continent r  N r  N r  N
A frica » — 0 .78 3 ,94 3
North America 1 .0 2 .64 7 * CO 7
South America •  “ * 0 .35 4 .33 8
Asia 1 .0 2 .74 6 .78 11
Europe *  “ 0 .05 11 .47 24
Oceania •  ** 1 -1 .0 2 -  .08 3
TABLE 4
CORRELATIONS AMONG REFERENTS FOR EACH 
CONTINENT 1960-1964
Ehergy Per C apita (EPC) c o rre la te d  w ith : 
OCCUDIFF GOVEXP TOTCIRC
C ontinent r N r N r N
A frica .96 3 -  .17 3 .98 3
N orth America .82 9 .78 9 .99 7
South America .78 10 UJ CO 10 .34 8
Asia .83 6 -  .00 13 -  .08 1 0
Europe .29 18 .05 21 .59 20
Oceania -1 .0 2 -  .60 3 .41 4
TABLE 5
CORRELATIONS AMONG REFERENTS BOR EACH
CONTINENT 1965-1969
Energy Per C apita  (EPC) c o rre la ted  w ith: 
OCCUDIFF GOVEXP TOTCIRC
Continent r  N r  N r  N
A frica 1.0 2 1.0 2 1 .0 2
North America -  1 .0 2 .73 10 .96 10
South America » “ 0 .23 9 .42 9
Asia .43 7 .18 13 ,81 9
Europe .33 10 -  .15 . 16 ,66 24
Oceania -  .95 3 .03 3 .87 3
TABLE 6
CORRELATIONS AMONG REFERENTS FOR EACH 
CONTINENT 1970-1974
Energy Per C apita  (EPC) co rre la ted  w ith: 
OCCUDIFF GOVEXP TOTCIRC
Continent r N r N r N
A frica * . ™ .1 -  .31 3 .94 3
North America .72 8 .86 9 .97 6
South America .84 5 .53 10 .42 8
A sia .49 10 .16 13 .13 8
Europe .10 13 -  .07 16 .83 21
Oceania -  1 .0 2 -  .35 3 1.0 2
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r ' s  fo r  Europe a re  c o n s is te n tly  low. South America, on th e  o th e r 
h a n d i s  in c o n s is te n t, dem onstrating an r  o f  .78 fo r  OCCUDIFF 
but r ’s o f  .38 and .34 fo r  GOVEXP and TOTCIRC re sp e c tiv e ly . The 
same i s  tru e  o f  A sia. A comparison w ith  Table 2 fo r  th e  same 
in te rv a l  rev e a ls  t h a t  c o rre la tio n s  among a l l  coun tries do n o t 
show the  e x te n t o f  reg io n a l v a r ia tio n . Among a l l  c o u n tr ie s , fo r  
example, EPC accounts fo r  twenty pe rcen t ( r  = .45) o f  th e  v a ria tio n  
in  OCCUDIFF, bu t among coun tries in  North America i t  accounts 
fo r  s ix ty -sev en  percen t o f  th e  v a r ia tio n . On th e  o th e r  hand,
EPC accounts fo r  on ly  e ig h t percen t o f  th e  exp lained  v a ria tio n  
in  OOCUDIFF among European c o u n tr ie s . The same general p a tte rn  
with re sp e c t to  the  con tinen ts o f  North and South America and 
Europe seem to  ho ld  t r u e  fo r  o th e r  years as w e ll. For- in s tan c e , 
in  th e  in te rv a l  1970-1974, r ' s  fd n r Europe a re  low while r ' s  fo r  
North America a re  c o n s is te n tly  h igh o r  moderate w ith re sp e c t to  
OOCUDIFF and GOVEXP. The exception fo r  Europe i s  an r  o f  .83 
fo r  TOTCIRC, South America and A sia a re  f a i r ly  in c o n s is te n t 
w ith lew c o e f f ic ie n ts  between th e  re fe re n ts  g en era lly . U nfortunate­
ly ,  due to  the  low nunrber o f  o b se rv a tio n s, no r e a l  conclusions 
can be drawn from Oceania and A frica  fo r  any in te rv a l .
Perhaps more ou tstand ing  i s  a  comparison o f  c o rre la tio n s  
fo r  GOVEXP in  Tables 3 - 6  w ith those  o f  Table 2. O verall, EPC 
e x p la in s , a t  the  m ost, only  e ig h t percen t o f  th e  v a ria tio n  in  
GOVEXP fo r  1965-1969 ( r  -  .2 8 ). But fo r  c o u n trie s  in  North 
America, th e  exp la ined  v a r ia tio n  i s  f i f ty - th r e e  percent ( r  = .73) 
fo r  th e  same tim e p e rio d  w hile o th e r  con tinen ts have low r ' s .
Even more i l l u s t r a t i v e  o f  th is  d iffe ren ce  between c o rre la tio n s  
fo r GOVEXP i s  the  in te rv a l  1950-1959. O verall r  = .19, b u t th e  
r ' s  fo r r th e  con tinen ts o f  North America and A sia a re  moderate 
(.64 and .74 re s p e c tiv e ly ) , once again dem onstrating th a t  the  
o v e ra ll  c o rre la tio n  obscures reg io n a l d if fe re n c e s .
With regard  to  c o rre la tio n s  o f  EPC w ith TOTCIRC, North 
America seems to  c o n s is te n tly  have high r ' s  w hile Europe has 
moderate t o  high r ' s  fo r  a l l  tim e p erio d s . South America i s  
c o n s is te n tly  lew with resp ec t to  TOTCIRC while A sia i s  h igh ly  
v a riab le .
In  g en e ra l, th e n , an an a ly sis  o f  coun tries by con tinen t 
seems to  give a  b e t t e r  and more p re d ic tiv e  understanding o f  
th e  re la tio n sh ip  between EPC and th e  o th e r  r e f e re n ts .  North 
America stands ou t as having a  moderate to  high a sso c ia tio n  
between th e se  re fe re n ts  w hile South America, A sia and Europe 
have low to  f a i r  a sso c ia tio n  between the  re fe re n ts  w ith a  few 
exceptions. Ihe question  is  w hether in  fa c t  reg ion  o r con tinen t 
r e a l ly  "exp la ins" o r  whether a sso c ia tio n s  are be ing  ccnfoinded 
w ith something e ls e .
To f in d  ou t whether a  co u n try 's  economic s tru c tu re  would 
produce b e t t e r  c o rre la tio n s  on a  more c o n s is te n t b a s is ,  r ' s  
were c a lcu la te d  between EPC and th e  o th e r  re fe re n ts  among 
coun tries with-?- s im ila r  eoonomic s tru c tu re s . The r e s u l ts  a re  
tab u la te d  in  Tables 7 - 1 0  where Economic Category rep re se n ts  
a  type o f  economic s tru c tu re . As can be seen from these  ta b le s ,
TABLE 7
CORRELATIONS AMONG REFERENTS FOR EACH
ECONOMIC CATEGORY 1950 -  1959
Ehergy Per C apita  (EPC) c o rre la te d  w ith: 
OCCUDIFF1 GOVEXP TOTCIRC
Economic Category r N r N r N
Developed-Market *  ™ 0 .22 17 .42 23
Developing- .89 5 .07 16 .22 23
Fferket
Developed-Cen- 0 • 0 .32 8
t r a l l y  Planned
Developing-Cen- *  ™ 0 +  “ 0 1 .0 2
t r a l l y  Planned
TABLE 8
CORRELATIONS AMONG REFERENTS FOR EACH 
ECONOMIC CATEGORY I960 -  1964
Energy Per C apita (EPC) c o rre la te d  w ith: 
OCCUDIFF GOVEXP TOTCIRC
Economic Category r N r N r N
Develop ed-Marks t .33 21 .12 23 .44 19
Developing- .52 25 .09 31 -  .05 25
Market
De velope d-Cen- 1 .0 2 .47 5 .84 7
t r a l l y  Planned
Developing-Cen- 0 * 0 * 1
t r a lly  Planned
TABLE 9
CORRELATIONS AMONG REFERENTS FOR EACH
ECONOMIC CATEGORY 1965-1969
Energy Per C apita  (EPC) c o rre la te d  w ith : 
OCCUDIFF GOVEXP TOTCIRC
Economic Category r N r N r N
Developed-Market .41 13 .04 23 .47 23
D eveloping-
Market
.59 8 .16 30 .54 26
De ve l ope d-Cen- 
t r a l l y  Planned
.82 3 * 0 .89 8
Developing-Cen- 
t r a l l y  Planned
*  " 0 •  *** 0 0
TABLE 10
CORRELATIONS AMONG REFERENTS FOR EACH 
ECONOMIC CATEGORY 1970-1974
Energy Per C ap ita  (EPC) c o rre la te d  w ith: 
OCCUDIFF GOVEXP TOTCIRC
Economic Category r N r N r N
Developed-Market .10 18 -  .02 23 .50 15
Developing- .31 19 ,19 31 .06 24
Market
Developed-Cen- 1 ,0 2 •  “ 0 .83 8
t r a l l y  Planned
Developing-Cen- * 0 ■ 0 •  ^ 1
t r a lly  Planned
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no in stan ce  e x i s t s  o f  a  node r a te  o r  h igh c o rre la t io n  o f  EPC w ith 
GOVEXP among c o u n tr ie s  w ith in  various economic c a te g o r ie s , th e  
h ig h e s t  heing an r  o f  .47 fo r  developed c e n tr a l ly  planned economies 
in  1960-1964. In  f a c t ,  w ith re s p e c t to  th e  o th e r  r e f e re n ts  
c o rre la te d  w ith  EPC, high  o r  moderate r ' s  a re  th e  excep tion .
N ote an r  o f  .8 4 , .89 , and .83 fo p  1960-1964, 1965-1969, and 
1970-1974 re s p e c t iv e ly  fo r  TOTCIRC. Note a ls o  th a t  an r  = .89 
f o r  OCCUDIFF in  1950-1959 fo r developing market economies re p re se n ts  
th e  id e n tic a l  f iv e  co u n tries  d iscusaadcaearlier. Thus, c o n tro llin g  
f o r  th e  type o f  economic s tru c tu re  o f  co u n tries  does n o t produce 
h ig h  c o r re la t io n s  th a t  co n tr ib u te  to  an understanding  o f  how th ese  
r e f e r e n ts  are  r e la te d .
Following th e  lo g ic  "that c o u n tr ie s  low in  p e r  c a p i ta  energy 
p roduction  would e r i i ih i t  a  d i f f e r e n t  reg re ss io n  l in e  from co u n trie s  
h ig h  in  per c a p i ta  energy p roduction , c o rre la t io n s  were conducted 
among the  r e f e r e n ts  fo r  each o f  th re e  energy le v e ls .  These le v e ls  
w ere determined by rank ing  th e  r e f e r e n ts  EPC fop  a l l  seventy  
c o u n tr ie s  and th en  s p l i t t i n g  th e  d is t r ib u t io n  in to  th re e  c a teg o rie s  
w ith  frequencies o f  24, 23, and 23 in  each le v e l ;  H i^ i, Jfedium, 
and Low energy p roduction  per c a p ita . The r e s u l t s  o f  c a lc u la tin g  
c o rre la t io n s  among c o u n trie s  w ith in  each le v e l  o f  energy p roduction  
p e r  c a p i ta  a re  given in  Tables 1 1 - 1 4 .  For purposes o f  comparison, 
th e  o v e ra ll  c o r re la t io n s  given in  Table 2 a re  rep ea ted  a t  th e  bottom 
o f  each  ta b le .
In  many in s ta n c e s  i t  was th e  case th a t  r e f e r e n ts  c o rre la te d  
more h ig h ly  in  low and medium le v e ls  o f  EPC. Thus, for-exam ple,
TABLE 11
CORRELATIONS FOR REFERENTS FOR EACH 
LEVEL OF ENERGY 
1950 -  1959
Energy Level OCCUDIFF GOVEXP TOTCIRC 
EPC r  N r  N r  N"
Low - .69 11 .45 15
Medium - -  -.1 5 10 .61 19
High - .16 12 .34 22
Total .89 5 .19 33 .60 56
TABLE 12
CORRELATIONS FOR REFERENTS FOR EACH 
LEVEL OF ENERGY 
1960-1964
Energy Level OCCUHEFF GOVEXP TOTCIRC
EPC r N r N r N
Low .45 16 .33 21 .28 18
Madium .37 15 .07 17 .45 15
High .11 17 .15 21 .12 19
T btal .45 48 .15 59 .52 52
tab u: 13
CORRELATIONS FOR REFERENTS FOR EACH 
LEVEL OF ENERGY 
1965-1969
Energy Level OCCUDIFF QOVEXP TOTCIRC
EPC r  'iN r  N r  N
Low .09 5 .76 20 .28 18
Medium .42 8 .36 16 .36 19
High .34 11 .01 17 .30 20
T ota l .56 24
C
O
C
M* 53 .74 57
TABLE 14
CORRELATIONS FOR REFERENTS FOR EACH 
LEVEL OF ENERGY 
1970r*1974
Energy Level OCCUDIFF GOVEXP TOTCIRC
EPC r N r N r N
low .48 11 .38 19 .63 16
Medium .15 15 .34 18 .58 15
High .11 13 -.0 3 17 -.3 4 17
T ota l .37 39 .21 54 .58 48
in  th e  in te rv a l  1960-1964 (Table 12) EPC exp la ins tw enty percen t 
o f  th e  v a r ia tio n  in  OCCUDIFF f o r  a  low le v e l  o f  energy p e r  c a p i ta  
and tw en ty -th ree  p e rc en t o f  th e  v a ria tio n  f o r  OCCUDIFF in  the  
in te rv a l  1970-1974 (Table 1 4 ). For 1965-1969 (Table 13) i t  i s  
a  medium le v e l  o f  EPC which has th e  h ig h e s t c o r re la t io n  w ith  
OCCUDIFF ( r  = .4 2 ).
In  a l l  cases o f  EPC c o rre la te d  w ith QOVEXP a t  a  low le v e l  
o f  energy production  p e r  c a p i ta ,  r ' s  a re  h ig h e r than  th e  r ' s  fo r  
th e  c o rre la t io n  among a l l  c o u n tr ie s . The r e s u l ts  fo r  TOTCIRC 
dem onstrates vary ing  p a t te rn s .  In  two c a se s , th e  o v e ra l l  
c o rre la t io n  i s  h ig h e r  than th an  th a t  o f  any EPC le v e l  (1960-1964, 
1965-1969). In th e  o th e r  two tim e in te r v a ls ,  c o rre la t io n s  are  
h ig h e r  fo r  medium (1950-1959) o r  low (1970-1974) EPC le v e ls  than 
th e  o v e ra ll  c o r re la t io n  among a l l  c o u n tr ie s .
To ob tain  a  b e t t e r  o v e ra l l ,  b u t general p ic tu re  o f  th ese  
r e la t io n s h ip s ,  c o u n trie s  were p laced  in  th ree~ b y -th ree  ta b le s  
accord ing  to  th e  le v e l  o f  EPC on th e  one hand and le v e ls  o f  the  
o th e r  r e fe re n ts  on th e  o th e r . Levels fo r  th e  r e fe re n ts  OOCUDIFF, 
QOVEXP, and TOTCIRC were ob ta ined  in  th e  same way as th a t  fo r  
EPC. Each r e fe re n t  was p laced  in  a  rank o rd e r  which was then 
d iv ided  in to  th re e  e q u a l, o r  n e a r  eq u a l, ranks: High, Medium, and 
low. C ountries were then  p laced  in  t h e i r  ap p ro p ria te  le v e l  fo r  
each r e f e r e n t .  Tables 15 -  25 i l l u s t r a t e  th e  r e s u l ts  f o r  each 
tim e in te rv a l .  A ta b le  d e p ic tin g  le v e ls  o f  EPC w ith  le v e ls  o f  
OCCUDIFF is  om itteddfor 1950-1959 because o f  th e  l im ite d  number 
o f  o b se rv a tio n s ,
I t  i s  obvious t h a t  in  term s o f  frequency d is t r ib u t io n s
TABLE 15
LEVELS OF ENERGY IER CAPITA AND GOVERNMENT
EXPENDITURES FOR SELECTED COUNTRIES
1950-1959
Government Energy P er Capita
Expenditures Low Medium Hi$i T otal
(%) 17-240 260-1197 1132-11920
N ig e ria (2) Mexico (2) Norway Cl)
Guatemala (2) Chile (2) Austria i l i a Cl)
Paraguay (2)
Low Honduras (2)
0-11.4 B o liv ia (2)
S. Korea (2)
Thailand (2)
S ub to tal 7 2 ?  . - l l
Equador (2) Finland Cl) Belgium Cl)
Rfedium Iraq (2) Japan (1) Denmark Cl)
11.5-14.4 Panama (2) Luxembourg Cl)
Turkey ■ (2) New Zealand Cl)
I t a ly Cl)
S ub to ta l 2 5 4 l l
Egypt (2) Greece Cl) Canada Cl)
A lgeria (2) Dom.Republic(2)
1■a1g Cl)
High I s r a e l Cl) France Cl)
14.5-35 Sweden Cl)
U. Kingdom Cl)
U.S.A. Cl)
Subto tal 2 3 6 11
T o ta l 11 10 12 33
Gamma = .52
Note: Hie nunbers in  parentheses follow ing each country  r e f e r  
in  Tables 15 -  25 to  economic category whereby:
(1) developed market economy.
(2) developing irarket economy.
(3) developed c e n tra l ly  planned economy.
(4) developing c e n tra l ly  planned eoonony.
TABLE 16
LEVELS OF ENERGY PER CAPITA AND NEWSPAPER
CIRCULATION FOR SELECTED COUNTRIES
1950-1959
Newspaper
C ircu la tion  Low 
17-240
Medium
260-1197
High Total 
1132-11920
Saudi Arabia(2) Surinam ( 2) New Caledcnia( 2)
N ig e ria (2) Peru (2)
Indonesia (2) Yugoslavia (2)
In d ia (2) Turkey (2)
China C4) Albania (3)
Low S y ria (2)
2-50 Iraq (2)
Honduras (2)
Dom. Republic (2)
A lg eria (2)
E l Salvador (2)
Equador (2)
Nicaragua (2)
B ra z il C2) Spain Cl) U. So. A frica  T l)
Oosta Rica <2) Greece (1) U.S.S.R. (3)
Venezuela C2) E. Germany (3)
Chile (2) Hmgary (3)
Medium Lebanon C2) CzechoslovakiaC 3)
54-201 ffcngolia (4) Poland (3)
Panama C2)
Romania (3)
I s ra e l Cl)
Uruguay (2)
B ulgaria (3)
Subtotal 2 11 “5 “  Ti
Finland Cl) Ireland "TIT
Sw itzerland Cl) France Cl)
Japan Cl) W, Germany Cl)
Canada Cl)
N etherlands Cl)
U.S.A. Cl)
High New Zealand Cl)
237-573 Denmark Cl)
Belgium Cl)
Norway Cl)
Aus t r a i l i a Cl)
Luxembourg Cl)
Iceland Cl)
Sweden Cl)
U. Kingdom Cl)
Subtotal 0 3 15 It
Tb'tal' "15" TT IT ■56
Gamma = .83
TABLE 17
LEVELS OF ENERGY PER CAPITA AND OCCUPATIONAL
DIFFERENTIATION FOR SELECTED COUNTRIES
1960-1964
Occupational 
Di f fe re n t  i a t  ion
Energy Per Capita 
Low Medium High
36-386 448-1873 2061-14007
Total
Low
.3550^.7423
Thailand 
Turkey 
Honduras 
India 
S. Korea 
Guatemala 
Dom.RepublicC2) 
£1 Salvador (2) 
N igeria  (2) 
Nicaragua 
Equador 
Paraguay 
B razil
(2) Yugoslavia (1)
(2) Greece 
( 2 )
(2 )
(2)
( 2 )
( 2 )
( 2 )
(2 )
(2 )
Cl)
S u b to ta l l3~ T5
Egypt (2) Mexico (2) Hungary C3)
Syria (2) Peru (2) Belgium (1)
Medium Oosta Rica (2) Parana (2) Norway Cl)
.7519-.8470 Spain (2) Luxenbourg Cl)
Sw itzerland (1) Ice land  (1)
I ta ly Cl) New Caledon.C2)
Finland Cl) U.So. A fricaC l)
"Subtotal 1 7
High 
.8555-.9289
Venezuela C2) W. Genrany Cl)
Japan Cl) Sweden Cl)
Chile C2) Ire la n d Cl)
Surinam (2) Czechoslovak 3)
A rgentina (2) N etherlands Cl)
Uruguay (2) New Zealand Cl)
France (1)
Denmark Cl)
U.S.A. Cl)
Canada (1)
Subtotal" nr T 6
T otal 16
Garma = .84
15 17 48
TABLE 18
LEVELS OF ENERGY PER CAPITA AND GOVERNMENT 
EXPENDITURES FOR SELECTED COUNTRIES 
1960-1964
Government Energy Per C apita
Expenditures Low Rfedium Higb T o ta l
(%) 36-386 448-1873 2061-14007
B razil (2) Mexico (2) Hungary C3)
N ig e ria (2) B ulgaria C3) U.S.S.R. C3)
Lew Paraguay (2) A rgentina (2) E. Germany (3)
3-9 Guatemala (2) Peru (2) Ftoland C3)
N icaragua (2) Spain Cl) U.So. A fricaC l)
Ind ia (2) Japan Cl) Ice land Cl)
B o liv ia (2)
S ub to ta l 7 6 19
El Salvador (2) Lebanon C2) Luxembourg Cl)
Iran (2) Sw itzerland Cl) A u s tra i lia Cl)
T hailand (2) Chile C2) Ire la n d Cl)
Medium Turkey (2) Panama C2) Denmark Cl)
10-12 Costa R ica (2) Greece Cl) Belgium Cl)
Honduras (2) I t a ly Cl) Kuwait C2)
Indonesia (2)
ELji (2)
S ub to ta l 8 6 T 20
Equador (2) Venezuela C2) France Cl)
Dom.Republic(2) Finland (1) New Zealand Cl)
S yria (2) Uruguay C2) Norway Cl)
High Saudi A rabia(2) I ra q C2) N etherlands Cl)
13-19 S. Korea (2) I s r a e l (1) W. Gernany Cl)
Egypt (2) Canada Cl)
U. Kingdom Cl)
Sweden Cl)-
U.S.A. Cl)
S ub to ta l 6 5 y 20
T b ta l 21 17 21 59
Gamma = .14
TABLE 19
LEVELS OF ENERGY PER CAPITA AND NEWSPAPER
CIRCULATION FOR SELECTED OOINTRIES
1960-1964
Newspaper Energy Per C apita
C ircu la tio n  low 
36-386
Medium
448-1873
High
2061-14007
T otal
Saudi Arabia<2) Iraq C2) Kuwait (2)
N ig eria C2) New Caledon.(2)
Thailand C2)
H a iti (2)
Indonesia C2)
F i j i C2)
Low Iran (2)
3-51 Syria C2)
A lgeria C2)
B oliv ia (2)
Dom,Republic(2)
Albania C3)
E l Salvador (2)
Turkey C2)
S ub to ta l 14 1 2 17
Equador (2) Yugoslavia (1) U.So. A frica Cl)
B raz il C2) Spain Cl) Hungary C3)
N icaragua C2) Mexico C2) Poland C3)
Medium Costa Rica C2) Venezuela C2) U.S.S.R. C3)
52-172 I ta ly Cl)
Mongolia C4)
Chile C2)
Romania C3)
A rgentina C2)
S ub to tal 4 T7
B ulgaria  (3)
Uruguay (2)
Sw itzerland (1) 
Finland Cl)
Japan Cl)
Canada " 'Cl) 
I re la n d  Cl)
Czechoslovak.C 3) 
France Cl)
Belgium Cl)
U.S.A. Cl)
Denmark Cl)
A u s tra i l ia  (1)
Norway Cl)
New Zealand (1)
Ice land  (1)
Luxembourg Cl)
U. Kingdom Cl),
High
182-514
Subtotal 0"
Total 18 15 19
Ganna = .83
TABLE 20
LEVELS OF ENERGY PER CAPITA AND OCCUPATIONAL
nLFfERENTIATEON FOR SELECTED COUNTRIES
1965-1969
Occupational Energy P er C apita
D iffe re n tia tio n  Low Medium High T btal
30-523 536-2575 2647-15338
Low 
,4938-.8089
Turkey
Syria
A lgeria
Iran
Egypt
(2) S. Korea 
(2) Romania 
(2)
(2)
(2)
(2)
(3)
Hungary (3)
S ub to ta l 5 2 " " 1  "' ' 8
B ulgaria (3) U. Kingdom Cl)
Medium I ta ly (1) Kuwait (2)
8258-.8703 Spain (1) New Caledon.(2)
A u s tra i l ia (1)
Sweden (1)
S ub to tal 0 3 5 8
Ire lan d (1) New Zealand Cl)
Higb Japan (1) Denmark Cl)
8727-.9270 I s r a e l (1) France Cl)
U.S.A. Cl)
Canada Cl)
Sub to tal 0 3 5
T otal 5 8 11 24
Ganna = .69
TABLE 21
LEVELS OF ENERGY PER CAPITA AND GOVERNMENT
EXPENDITURES FDR SELECTED COUNTRIES
1965-1969
Government Energy Per C apita
Expenditures Low Medium High-' I b ta l
(%) 30-523 536-2575 2647-15338
H a ita (2) Mexioo (2) Ice land Cl)
Indonesia (2) Japan <1)
N igeria (2) Lebanon (2)
Paraguay (2) Peru (2)
Low Guatemala (2) Panama (2)
5-11.4 E l Salvador (2) S. Korea (2)
Nicaragua (2)
Honduras (2)
In d ia (2)
Thailand (2)
S ub to tal 10 6 1 17
B oliv ia (2) U.So. A fr ic a ( l) Luxembourg Cl)
B raz il (2) Spain (1) Sw itzerland Cl)
Medium Turkey (2) Chile (2) A u s tra i l ia (1)
.1.5-13 F i j i (2) Venezuela (2) Kuwait C2)
Equador <2) Ire la n d (1) Belgium Cl)
Costa Rica (2) Greece Cl) France Cl)
S ub to tal S 6 6 18
Ira n (2) I t a ly Cl) New Zealand Cl)
S yria (2) Uruguay C2) Canada Cl)
Dom.Eepublic(2) Saudi ArabiaC2) Denmark Cl)
Iraq (2) I s r a e l Cl) W. Germany Cl)
High * Finland Cl)
14-31 N etherlands Cl)
Norway Cl)
U. Kingdom Cl)
Sweden Cl)
U.S.A. Cl)
S ub to ta l I* 1+ lo 18
I b ta l  20 16 17 53
Ganma = .53
TABLE 22
LEVELS OF ENERGY PER CAPITA AND NEWSPAPER 
CIRCULATION FOR SELECTED COUNTRIES 
1965-1969
Newspaper Ehergy Per Capita
C irculation Low Medium
30-523 536-2575
High I b ta l
Indonesia " « y Surinam (21
N ijpria (2) Saudi Arabia(2)
Syria (2) U. S o .A fr ica (l)
India (2)
Thailand (2)
F ij i (2)
Honduras (2)
Low H aiti (2)
5-49 B o liv ia (2)
Guatemala (2)
Dan.Republic(2)
Brazil (2)
Paraguay (21
Albania (3)
Equador (2)
Nicaragua (2)
Subtotal 16 3 0 -----------^
El Salvador (2) Venezuela (2) Roland (3)
Costa Rioa (2) S. Korea (2) FFmgary (3)
Lebanon <21 Canada (1)
Panama (2)
Greece (1)
Chile (2)
Mediun Yugoslavia (1)
51-218 Spain (1)
Ita ly (1)
Mexico (2)
Argentina (2)
itamania (3)
Bulgaria (3)
Israel (1)
Subtotal 2 14 3 19
Ireland (1) £ranoe <1>
Japan (1) U.S.S.R. (3)
Czechoslovak!3)
Belgium Cl)
Netherlands (1)
W. Germany Cl)
U.S.A. (1)
H igi Denmrk Cl>
243-505 A ustnailia Cl)
Switzerland (1)
New Zealoid (1)
Norway Cl)
E. Germany (3)
Iceland (1)
Luxe nto ourg (1)
Gairma = .97 U. Kingdcm Cl)
Sweden Cl)
Subtotal 0 2 17 19
Tff
TABLE 23
LEVELS OF ENERGY PER CAPITA AND OCCUPATIONAL
DIFFERENTIATION FOR SELECTED COUNTRIES
1970-1974
Occupational Energy Per C apita
D if fe re n tia tio n  Low Medium High T otal
34-633 665-3342 3367-17389
Low 
,4163-.8188
T hailand  (2) 
Tuftaey (2) 
In d ia  (2) 
Indonesia  (2) 
Guatemala (2) 
E l Salvador (2) 
Dom.Republic(2) 
S y ria  (2) 
N icaragua (2) 
B ra z il (2)
S. Korea
Hungary
Yugoslavia
(2)
(3)
Cl)
S ub to tal 10 3 0 13
C osta Rica (2) Greece (1) Roland C3)
U.So. A frioaC l) Belgium Cl)
Medium Spain Cl) Luxembourg Cl)
8291-.8859 Panama C2) Kuwait C2)
Mexico C2) U. Kingdom Cl)
W. Germany Cl)
F in land Cl)
",
S ubto tal 1 5 7
New Zealand Cl) A u s tra i l ia Cl)
C hile C2) Ire la n d Cl)
High A rgentina C2) Sweden Cl)
8861-.9360 I s r a e l Cl) U.S.A. Cl)
Japan Cl) Norway Cl)
Lebanon C2) Canada Cl)
Venezuela C2)
S ub to tal 0 ■ 7 .......... r b ------------ ■I!3
T otal 11 15 13 39
Ganna = .73
TABLE 24
LEVELS OF ENERGY PER CAPITA AND GOVERNMENT
EXPENDITURES FOR SELECTED COUNTRIES
1970-1974
Government Energy P er C ap ita
E xpenditures Low Medium High I b t a l
C%) 34-633 665-3342 3367-17389
Guatemala (2) C hile (2) Luxeirbourg Cl)
Nicaragua (2) Mexico (2) Ice land (1)
Paraguay (2) Japan (1)
Indonesia (2) A rgentina (2)
Low N igeria (2) S. Korea (2)
4 -1 1 .4  B raz il (2)
Peru (2)
E l Salvador (2)
In d ia (2)
B o liv ia (2)
Thailand <2)
S u b to ta l LL 5 2 18
Equador (2) Lebanon (2) Sw itzerland Cl)
Honduras (2) Spain (1) France Cl)
Dom. R epublic(2) U.So. A fricaC l) A u s tr a i l ia Cl)
Lfedium Turkey (2) Uruguay (2) Belgium Cl)
11 .5 -14  F i j i (2) I t a l y Cl) Ire la n d Cl)
Greece Cl)
Panama C2)
Venezuela C2)
S u b to ta l 5 8 b 18
Syria (2) Iran C2> Kuwait C2)
Ij*L C2) New Zealand (1) W. Germany Cl)
Egypt (2) Saudi Ar\aJbia(2) N etherlands Cl)
Surinam C2) Finland Cl)
High Is r a e l Cl) Norway Cl)
15-43 U. Kingdom Cl)
Canada Cl)
U.S.A. Cl)
Denmark Cl)
Sweden Cl)
S u b to ta l 3 6 "10 ' 18
I b t a l  19 18 17 54
Garara. = .60
TABLE 25
LEVELS OF ENERGY PER CAPITA AND NEWSPAPER 
CIRCULATION FOR SELECTED COUNTRIES 
1970-1974
Newspaper Energy Per Capita
C irculation Low Medium Hi|$i
34-633 665-3342 3367-17389
Ib ta l
N igeria (2) Iran (2) Kuwait (2)
H a iti (2) Saudi Arabia<2)
India (2)
A lgeria (2)
Egypt (2)
Low Thailand (2)
6-47 Nicaragua
F i j i
Equador
Paraguay
B oliv ia
Honduras
Albania
(2)
(2)
(2)
(2)
(2)
(2)
(3)
Subtotal l3 16
El Salvador (2) Greeoe Cl) New Caledon.(2)
Oosta Rica (2) Yugoslavia Cl) Bulgaria (3)
Peru (2) Parana. (2) Pol a id  C3)
Venezuela (2)
Medium Mongolia C4)
71-209 Spain Cl)
S. Korea C2)
I ta ly Cl)
Rommia C3)
Argentina C2)
Subtotal 1 IF
Hungary 13) Ireland Cl)
Uruguay C2) France Cl)
Japan Cl) Czecho3lovak( 3)
U.S. A. 
Netherlands
Cl)
Cl)
H igi W. Germany Cl)
214-534 U.S.S.R.
Danmark
(3)
Cl)
Switzerland Cl)
Norway Cl)
E. Germany C3)
Iceland Cl)
Sweden (1)
Subtotal ff JT
Tbtal 16 IS 17 48
Ganna = .90
on th e  various rank  le v e ls  a  p o s it iv e  a sso c ia tio n  does e x is t ,
Tb t e s t  th is  a sso c ia tio n  cn rank o rd e rs , gamnes were c a lcu la te d  
fo r  each ta b le . The r e s u l ts  a re  given a t  th e  bottom o f  Tables 
15 -  25. Gamma provides an assessm ent o f  p red ic tio n  o f  th e  rank 
o rder o f  one re fe re n t  fo r  a  p a i r  o f  coun tries when the  rank o rder 
an another re fe re n t  (EPC) i s  known. Ihus, f o r  1950-1959 (Thble 15) 
knowing the rank o rd e r o f  two com  t r i e s  w ith  regard  to  EPC reduces 
e rro rs  o f  random p re d ic tio n  w ith re sp ec t to  t h e i r  nark o rd e r on 
TOTCIRC by e ig h ty -th re e  pe rcen t (gamma = .8 3 ). Hie fa c t  t h a t  a l l  
gajimas a re  p o s it iv e  gives an in d ic a tio n  o f  a  d ire c t  re la tio n sh ip  
between a l l  the  re fe re n ts  w ith  re sp e c t to  rank o rder.
As can be seen from Tables 15 -  25, gammas are  p a r t ic u la r ly  
high fo r  TOTCIRC and moderate fo r  OCCUDIFF w hile those fo r  GOVEXP 
are  f a i r  except in  th e  in stance  o f  1960-1964 where gairnm = .14.
F in a lly , c o rre la tio n s  were c a lcu la te d  between the  re fe re n ts  
EPC and OCCUDIFF, QOVEXP, and TOTCIRC w ith in  co u n tries . U nfort­
u n a te ly , the  problem o f  m issing d a ta  fo r  many co u n tries  does n o t 
allow  an adequate s t a t i s t i c a l  p ic tu re  fo r  th e  rsf&nwfc^OCCUDIFF. 
N evertheless, c o rre la tio n s  w ith  th is  re fe re n t  were included  to  
give seme idea  o f  the  magnitude and d ire c tio n  o f  a sso c ia tio n  th a t  
does e x i s t  w ith in  co u n tries . However, these  c o rre la tio n s  should 
be considered  as d e le te d  in  any conclusions which w il l  be drawn.
The r e s u l t s  are  p resen ted  in  Table 26. Table 27 gives in  sumrary 
form 1 th e  number o f  r ’s above .7 f o r  each re fe re n t  c o rre la te d  w ith 
EPC w ith in  a  coun try , th e  number o f  these  which are s t a t i s t i c a l l y  
s ig n i f ic a n t ,  and th e  number o f  neg a tiv e  c o rre la tio n s .
TABLE 26
CORRELATIONS OF EPC WITH OCCUDIFF, QOVEXP, 
AND TOTCIRC WITHIN COUNTRIES 
1950-1974
EPC c o rre la te d  w ith 
Country OCCUDIFF QOVEXP TOTCIRC
r  N r  N r  N
N ig eria - - .52* 17 -.29 9
Egypt - 2 .49* 17 -.5 4 5
Lhion S. A frica - 2 .15 21 -.79 6
A lgeria - - .97* 4 -.4 3 10
Canada .99** 4 .91** 24 -.1 3 13
U.S.A. .58 5 .39 24 -.82** 15
A rgentina - 2 .52 7 .66* 9
B oliv ia - .73** 16 .75** 10
B raz il - 2 -.46* 21 -.67* 11
Chile - 2 .38 23 -.3 6 9
Equador - - -.33 24 -.64** 13
Paraguay - - -.51** 21 .93** 7
Peru - - .92** 20 .84* 5
Uruguay - - .58** 19 -.14 6
Surinam - - - 2 .52 8
Costa Rica - 2 .73** 19 .38 12
El Salvador - 2 - .3 4 15 .80** 8
Guatemala .92* 4 .36 20 .79** 8
Honduras - - .82** 24 .67 7
Nicaragua - 2 .31 19 -.83** 10
H a iti .10 12
Country
EPC c o rre la te d  w ith  
OCCUDIFF GOVEXP TOTCIRC
r  N r  N r  N
Mexico - 2 .90** 21 .43 7
Panana - 2 .80** 20 .05 10
Venezuela - 2 - .2 1 21 -.0 3 12
Dominican Republic 1.00** 3 -.75** 20 .80** 10
I s r a e l - .2 6 4 .90** 24 .49 7
S y ria -.0 8 6 .68* 11 -.4 4 4
Ira n - 2 .85** 15 .49 6
Saudi A rabia - - .14 11 .88** 13
Turkey .99* 3 - .0 1 20 .08 5
Japan 1.00** 3 -.75** 20 .80** 10
In d ia - 2 .77** 12 .95** 13
I ra q - - .90** 22 .05 5
Kuwait - 2 .27 11 .22 9
Lebanon - - -.28 7 .48 4
Indonesia - - .67** 14 .81 4
S. Korea .90** 7 -.3 3 20 .84** 13
T hailand - 2 .43* 20 .52 7
China - - - - - -
N. Korea - - _ - - -
Mongolia - - - - .18 4
Belgium - 2 .64** 23 -.91** 7
Denmark
*
- 2 .93** 24 .42 15
France 2 -.40* 24 -.68* 11
Cbuntry
EPC c o rre la te d  w ith 
OCCUDXFF. GOVEXP TOTCIRC
r  N r  N r  N
W, Gemany - 2 .88** 21 .34 14
Ire la n d .99* 3 .86** 21 - .2 3 15
I t a ly - 2 .46* 24 .64* 11
Luxembourg - 2 -.69** 24 .41 9
N etherlands - 1 .83** 24 .85** 13
li i i te d  Kingdom - 2 .36 24 -.68** 12
Finland - 2 .92** 24 .88 4
Sweden .95* 4 .85** 24 .94** 14
Iceland - 1 .60** 21 -.1 3  ' 12
Norway - 2 .83** 24 .34 16
Sw itzerland - 1 .02 22 .56* 14
Greece - 2 .06 23 -.3 0 8
Spain .99 3 .90** 20 .17 12
Yugoslavia - 2 -.97*  4 .84** 16
A lbania - - - .48 12
B ulgaria - 1 .00 4 . .46 15
Czechoslovakia - 1 - .42 16
E. Gemmy - - 2 .89** 6
Hungary -.4 4 4 -.76  S .94** 16
Poland - 1 .86 4 .96** 15
Romania - 1 -  - .77** 16
U.S.S.R. - - .99** 3 .99** 14
A u s tra il  i a - 2 .89** 24 -.09 14
New Zealand .94 3 .68** 24 -.1 3 12
EPC c o rre la te d  w ith  
Country OCCUEEFF GOVEXP TOTCIRC
r  M_______ r  N_______ r  N
F i j i  -  1 .48 10 .87** m
New Caledonia 2 -  .69** 15
r  = Re a rs o n 's  product nonent c o rre la t io n  c o e f f ic ie n t .  
* s ig n i f ic a n t  a t  th e  ,05 le v e l .
** s ig n i f ic a n t  a t  th e  .01 le v e l .
239
TABLE 27
NUMBER OF SIOIIFTCANT CORRELATIONS ABOVE .7 FOR 
OCCUDIFF, QOVEXP, AND TOTCIRC
EPC c o rre la te d  
with:
N '
Number o f  r ' s  
above .7 
+
Nunber o f r ’ s above .7 
s ig n if ic a n t  a t  .05 o r  le ss  
+
OCCUDIFF 14 10 0 8 0
QOVEXP 60 23 4 22 3
TOTCIRC 68 21 4 19 3
Discussion
To s o r t  o u t an esqpianation f o r  these  v a ried  r e s u l ts ,  each 
re fe re n t c o rre la te d  w ith the  production o f  energy per c a p i ta  
(EPC) w ill  be d iscussed  in  a  sep a ra te  a n a ly s is .
1 . OCCUDIFF. C orrela tions w ith  OCCUDIFF among countries 
w ith in  c o n tin e n ts , catego ries and energy le v e ls  a re  re c a p itu la te d  
below in  Table 28 fo r  the  tim e in te rv a l  1970-1974. These c o r re la ­
t io n s  seem to  suggest severa l th in g s :
a) developing economies m an ifest h ig h er co rre la tio n s  th an  
developed economies.
b) co n tin en ts  th a t  a re  more re p re se n ta tiv e  o f  developing 
economies produce h igher c o rre la tio n s  than  continen ts which 
a re  re p re se n ta tiv e  o f  developed economies o r  which in c lu d e  
a  com bination o f  the  two.
c) co u n tries  w ith in  low energy le v e ls  produce higher c o r r e la ­
tio n s  1han co u n tries  w ith in  medium o r  low energy l e v e l s .
The conclusion  would seem to  be th a t  a  h igh  to  moderate
TABLE 28
SUMMARY OF CORRELATIONS WITH OCCUDIFF
1970-1974
EPC c o rre la te d  w ith  OCCUDIFF
Type o f C orre la tion r N
Among A ll Countries .37 39
Continent
South America .84 5
North America .72 8
A sia .49 10
Europe .10 13
Category
Developing Market .31 19
Developed Market .10 18
Energy Level
Low .48 11
Lfedium .15 15
High .11 13
a sso c ia tio n  between EPC and OCCUDIFF e x is ts  only fo r  co u n tries  
th a t  a re  r e la t iv e ly  low in  per c a p ita  energy production . In  
f a c t ,  i f  th e  re fe re n ts  are  p lo tte d  fo r  a l l  observations as shown 
in  Figure 11, a  rough curve may be trac ed  through the  s c a t t e r  
p lo t ,  in d ic a tin g  a  n c n -lin e a r  re la tio n sh ip  which helps to  explain  
a  low r  o f  ,37 fo r  a l l  c o u n tr ie s . However, coun tries cn th e  lower 
end o f  the  energy sc a le  seem to  be more h ig h ly  c lu s te red  w hile 
coun tries become more sc a tte re d  as the  curve i s  tra c e d  to  th e  
h i^ ie r  end o f  the  sc a le .
Tb t e s t  th is  fu r th e r ,  a  close analy sis  was performed on 
co u n tries  w ith in  con tinen ts and c a teg o rie s . South America, 
w ith the  h ig h es t r  of. .84 included only developing c o u n tr ie s , two 
o f  which were in  th e  low EPC le v e l and th re e  o f  which were in  the
OC
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medium le v e l .  A look a t  coun tries in  North America revealed  th a t  
two o f  th e  e ig h t  co u n tries  were developed (United S ta te s  and 
Canada) and bo th  were in  th e  high energy le v e l. Moreover, a  view 
o f  co u n tries  w ith in  A sia rev ea ls  th a t  o f  th e  ten  c o u n tr ie s , two 
are  developed economies (Japan and I s r a e l)  and one (Kuwait), 
although a  developing econany, i s  in  a  high energy le v e l .  A ll 
European co u n tries  are  developed economies ( e i th e r  market o r  
c e n tra l ly  planned) and n ine  o f  the  t o t a l  o f  th ir te e n  a re  in  the  
h igh  energy le v e l .
A dditional c o rre la tio n s  were conducted to  t e s t  whether in  
f a c t  coun tries on th e  low o r  moderate end o f  the  energy sc a le  
were more h ig h ly  a sso c ia ted  w ith re sp e c t to  EPC and OCCUDIFF.
An r  = .91 was c a lc u la te d  fo r  coun tries in  North America, excluding 
th e  United S ta te s  and Canada. These s ix  coun tries were grouped 
w ith  th e  f iv e  coun tries in  South America and c o rre la tio n s  were 
c a lc u la te d , producing an r  = .83,
Excluding Japan, I s r a e l ,  and Kuwait, seven co u n tries  in  
A sia produced an r  = .67. Grouping th ese  coun tries w ith  those 
o f  South America and North America (exluding th e  U nited S ta te s  and 
Canada) fo r  a  t o t a l  o f  eigh teen  co u n tries  produced an r  = .63. 
In te re s t in g ly , th e  ad d itio n  o f  one s in g le  country to  a l l  these  
developing c o u n tr ie s , namely Kuwait (w ith a  high le v e l  o f  EPC), 
lowered the c o rre la tio n  c o e f f ic ie n t  to  .31 given in  Table 28.
In  th re e  in s ta n c e s , th e re fo re , r ’s were ra is e d  when h igh  energy 
producing co u n tries  were om itted: South America, A sia , and fo r
th e  category o f  developing co u n trie s .
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lb  provide some fu r th e r  evidence o f  t h i s ,  a  s im ila r  an a ly s is  
was performed fo r  co u n tries  in  th e  in te rv a l  1960-1964. Table 
29 below provides a summary o f  c o rre la tio n s  t h a t  were p rev iously  
c a lcu la ted .
TABLE 29
SUMMARY OF CORRELATIONS WI1H OOOJDIFF 
1960-1964
EPC co rre la ted  w ith  OCCUDIFF
lype o f  C orrela tion r N
Among A ll Oountries .45 48
Continent
A sia .83 6
North America .82 9
South' America .78 10
Europe .29 18
Category
Developing Market .52 25
Developed Market .33 21
Energy Level
Low .45 16
Medium .37 15
High .11 17
The r e s u l ts  were s im ila r . Figure 12 i s  a  s c a t t e r  p lo t fo r  
EPC and OCCUDIFF. Again the  p lo t  rev e a ls  a  rough n c n -lin e a r  curve 
w ith re sp e c t to  the two r e fe re n ts ,  p o ss ib ly  ex p la in in g  th e  r e la t iv e ly  
weak o v e ra ll  re la tio n sh ip  ( r  = .4 5 ).
S t a t i s t i c a l ly ,  c o rre la tio n  o o e fff ice n ts  a re  a ffe c te d  by a  
few extreme values o f  one o r  th e  o th e r  v a ria b le . I f  more cases 
o f  high energy le v e l  ooun tries e x is te d , the r e s u l t s  could have 
a ffe c te d  th e  o v e ra ll r  by decreasing  i t  fu r th e r  in  producing acaaere
FIGURE 12
PLOT OF EPC WITH OCCUDIFF
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sc a tte re d  p lo t .  I t  would seem th a t  extreme values o f  EPC invo lve  
g re a te r  dev ia tions from the l e a s t  squares l in e ,  in d ica tin g  le s s  
v a r ia b i l i ty  o f  OCCUDIFF as EPC in creases.
2 . GOVEXP, C orrela tions o f  EPC w ith GOVEXP among coun tries 
w ith in  c o n tin en ts , c a te g o rie s , and energy le v e ls  a re  re c a p itu la te d  
in  Table 30 below.
TABLE 30
SUMMARY OF CORRELATIONS WITH QOVEXP 
1970-1974
EPC co rre la ted  w ith  GPVEXP
Type o f  C orrela tion r N
Among a l l  Countries .21 54
Continent
North America .86 9
South America .53 10
Asia .16 13
Europe -.07 16
Category
Developing Market .19 31
Developed Market -.02 23
Energy Level
Lew .38 19
Medium .34 18
High -.03 17
I t  would appear th a t  perhaps th e  same e f f e c t  i s  c h a ra c te r is t ic  
o f  GOVEXP as was th e  case w ith  regard  to  OCCUDIFF, namely, t h a t  
oo in  t r i e s  on th e  lcw er end o f  th e  energy sca le  would ex h ib it 
a  h igher a sso c ia tio n  between -these two re fe re n ts  than  coun tries 
w ith in  h igher energy le v e ls . This i s  no t the c a se , however. W ith 
re sp ec t to  the  con tinen t o f  North America, two o f  th e  nine c o u n tr ie s
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were in  th e  h ig h  energy le v e l .  The t o t a l  o f  nine c o u n tr ie s  produced 
an r  = ,86 . When, however, these two c o u n tr ie s  were excluded 
(United S ta te s  and Canada), c o rre la tio n s  among the rem aining seven 
co u n tries  y ie ld e d  an r  = - .0 1 8 . Thus, two countries re p re se n tin g  
extreme values o f  EPC had th e  e ffe c t  o f  in f la t in g  r .
A ll th e  co u n tries  in  South America a r e  developing market 
economies and a re  e i t h e r  medium o r  low in  term s o f  th e  le v e l  o f 
energy p roduction  per c a p ita .. As can be seen  from Table 30, 
c o rre la t io n s  amcng c o u n tr ie s  in  South America y ielded  an r  = .53.
A sia , can the  o th e r  hand, produced an r  = .16, b u t two o f  
th e  co u n trie s  were developed market economies ( I s r a e l  and Japan), 
and one (Kuwait) was o f  a  h igh  energy l e v e l .  Since bo th  Japan 
and I s r a e l  were h ig h e s t in  EPC next to  Kuw ait, these th re e  coun tries 
were excluded from c o rre la t io n s  conducted among the rem aining 
c o u n trie s  in  A sia . This produced an r  = .5 2 . Thus, I s r a e l ,  Japan , 
and Kuwait had  th e  e f f e c t  o f  d e fla tin g  r ,  again  dem onstrating 
th e  e f f e c ts  o f  extreme values on c o r r e la t io n s ,  bu t in  th e  opposite  
d ire c tio n  from  t h a t  o f  North America.
C o rre la tio n s  were conducted again f o r  coufrtrd.es w ith in  South 
America p lu s co in  t r i e s  w ith in  North America, excluding th e  United 
S ta te s  and Canada. This gave an r  = .50 . When the  U nited S ta te s  
and Canada were in c lu d ed , an r  = .61 r e s u l te d  fo r  a  t o t a l  o f  n ine  -  
te e n  c o u n tr ie s  in  North and South America.
C ountries w ith in  Europe are a l l  developed market economies 
and, w ith  th e  excep tion  o f  th ree  (Greece, I t a l y ,  and S p a in ) , a re
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in  a  hig}i energy le v e l .  Europe as a  whole y ie ld s  an r  = -.0 7  as 
shewn in  Table 30.
An an a ly sis  o f  th e  in te rv a l  1960-1964 produces a  s im ila r  
p a tte rn  as Table 31 In d ic a te s .
TABLE 31
SUMMARY OF CORRELATIONS WITH GOVEXP 
1960-1964
EPC c o rre la te d  w ith GOVEXP
Type o f  C orrela tion r N
Among A ll Coui t r i e s .15 59
Continent
North America .78 9
South America .38 10
Europe .05 21
A sia -.00 13
Category
Developed C en tra lly  Planned .47 5
Developed Market .12 23
Developing Market .09 31
Energy Level
Lew .33 21
High .15 21
Medium .07 17
The high r  o f .78 fo r  North America, fo r  example, i s  in f la te d  
by the  ex t r e  jib  values o f  EPC o f  two co u n tries  included in  th i s  
c o n tin en t, namely th e  United S ta te s  and Canada, C o rre la tions among 
coun tries in  North America excluding th ese  two high, energy lev e l 
c o u n tries  produced an r  = - .5 1 .
The conclusion th a t  i s  reached from -these analyses i s  th a t  
EPC i s  n o t a sso c ia ted  w ith GOVEXP. A glance a t  Figures 13 and 14
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o f  th e  scatter*-p lo t between EPC and GOVEXP v isu a lly  dem cnstrates 
t h i s ,  Thus, th e  t o t a l  c o rre la tio n  among a l l  co u n tries  ( r  = .15 
o r  .21 fo r  1970-1974) m y be considered to  be a  good measure o f  
th e  degree o f  a sso c ia tio n  between the energy produced per c a p ita  
and th e  percentage o f  government expenditures.
3 , TOTCIRC. c o rre la tio n s  o f  EPC w ith  TOTCIRC amcng coun tries 
w ith in  co n tin en ts , c a teg o rie s , and energy le v e ls  a re  reproduced in  
Table 32 belcw f o r  th e  tim e in te rv a l  1970-1974.
TABLE 32
SUMMARY OF CORRELATIONS WITH TOTCIRC 
1970-1974
EPC c o rre la te d  w ith TOTCIRC
Type o f  O orre la ticn r N
Among a l l  co u n tries .58 48
Continent
North America .97 6
Europe .83 21
South America .42 8
Asia .13 8
Category
Developed C en tra lly  Planned .83 8
Developed Market .50 15
Developing Market .06 24
Energy Level
Low .63 16
Medium .58 15
High -.34 17
As can be seen from Thble 32, con tinen ts w ith developed, 
h igh  energy le v e l  co u n tr ie s , ten d  to  produce high c o rre la t io n s , 
bu t con trary  to  e x p ec ta tio n s , coun tries w ith in  high energy le v e ls  
y ie ld  a  weak n eg a tiv e  a sso c ia tio n  ( r  = - .3 4 ) ,  On th e  o th e r hand, 
developed c e n tra l ly  planned economies produce a  h i^ ie r  r  than
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developed market econom ies.
Again, to  s o r t  o u t any p a t te rn ,  fu r th e r  c o rre la tio n s  were 
ca lc u la te d  among various c o u n tr ie s . In  N orth America, a l l  c o u n tr ie s  
w ith  th e  excep tion  o f  th e  United S ta te s  were developing eoonomies 
and most o f  them were in  a  low energy le v e l .  C o rre la tio n s , 
exclud ing  th e  U nited S ta te s , among th ese  North American c o u n tr ie s  
produced an r  = .66 . Thus, th e  United S ta te s ' in c lu s io n  in to  
th e  c a lc u la tio n s  tended to  exaggerate  th e  value o f  r .
Wien -these f iv e  North American c o u n tr ie s  were grouped w ith  
a l l  th e  co u n tries  in  South America (N = 13) and c o rre la tio n s  
c a lc u la te d , th e  r e s u l t  was an r  = .53.
Table 32 rev e a ls  t h a t  A sia  has th e  low est c o e f f ic ie n t  among 
c o n tin e n ts , bu t A sia  inc luded  two h ig i  le v e l  energy c o u n tr ie s , 
namely Kuwait and Japan. Excluding -these, an r  = .30 re s u l te d  
fo r  c o rre la t io n s  conducted among th e  rem aining s ix  c o u n tr ie s .
European o o u i t r ie s , o f  which e ig h t a re  developed c e n tr a l ly  
p lanned eoonomies, produced an r  = .83 as seen in  Table 32. 
C o rre la tio n s  exclud ing  the  c e n tr a l ly  planned economies y ie ld e d  
an r  = .89 . Of th e se  rem aining th ir te e n  c o u n tr ie s , th re e  o f  
medium energy le v e ls  were excluded to  determ ine w hether h igh  
energy le v e l  co u n trie s  c o r re la te d  b e t te r .  These c a lc u la tio n s  
among te n  rem aining o o u itr ie s  re s u lte d  in  an r  = .73 .
Taking th e  t o t a l  o f  tw enty-cne European o o u itr ie s  once 
again and excluding  one aoux try  o f  low energy le v e l  (A lb an ia ), 
c o rre la t io n s  y ie ld ed  an r  '= .80 . Following th e  lo g ic  t h a t  s in ce  
European o o u itr ie s  a re  la rg e ly  o f  h igh  energy le v e ls  and a l l  
a re  developed economies, i t  would seem t h a t  o o u itr ie s  w ith in
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high energy le v e ls  would produoe high c o rre la t io n s . This i s  n e t  
•the case , however, as can be seen from Table 32. lb  t e s t  th is  
fu r th e r ,  a l l  European o o u itr ie s  exoept A lbania were grouped 
w ith  o th e r  developed o o u itr ie s  Call having medium o r  h igh energy 
le v e ls )  and one developing bu t high energy le v e l  country, thus-adding  
the  United S ta te s , Japan, and Kuwait. C orre la tions among th ese  
produced an r  = .25. D eleting  Kuwait and adding Albania ( a  low 
le v e l energy country) re s u lte d  in  an r  = .57,
In sum, European c o m tr ie s  demonstrate th e  h ighest a sso c ia tio n  
between EPC and TOTCIRC, an a sso c ia tio n  n o t a t t r ib u ta b le  to  a  
le v e l o f  energy production o r  economic ca tego ry . Figure 15 
i s  a  s c a t te r -p lo t  d ep ic tin g  EPC p lo tte d  w ith TOTCIRC. From 
approxim ately 3000 and h ig h er cn the EPC s c a le ,  most o f  th e  p lo ts  
rep re se n t European c o u n tr ie s . Extreme values o f  EPC are  n o t 
included f o r  reasons o f  space , bu t -these a re  the  re fe re n ts  fo r  
the  United S ta te s , New Caledonia, and Kuwait. I t  i s  reasonable 
to  expect t h a t  i f  these  extreme values were excluded among h igh  
energy le v e l  c o m tr ie s ,  a  p o s itiv e  moderate a sso c ia tio n  would 
r e s u l t  fo r  countries w ith in  high  le v e ls  o f  EPC, e sp ec ia lly  s in c e  
New Caledonia and Kuwait have r e la t iv e ly  low re fe re n ts  fo r  TOTCIRC.
A glance a t  th e  in te r v a l  1960-1964 dem onstrates a  somewhat 
s im ila r  p a tte rn  as can be seen in  ThbELe 33. In  t h i s  case , o f  the  
seven North American o o u i tr ie s ,  Canada and th e  United S ta te s  
rep re se n t extreme values o f  EPC and i t  wouLd be expected th a t  
excluding th ese  would y ie ld  a  lew r  fo r  North America. Although 
c o m tr ie s  w ith in  Europe have an r  = .59, Europe has th e  h ig h e s t
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a sso c ia tio n  among a l l  con tinen ts excluding North America.
Economic ca tego ries shew a  s im ila r  p a tte rn  as th a t  o f  
1970-1974 w ith developing market economies rep resen tin g  the 
low est a sso c ia tio n  w hile developed c e n tra l ly  planned eoonomies 
dem onstrating -the ]»ighest a sso c ia tio n .
F in a lly , high energy le v e l  o o u itr ie s  do n o t show any 
s ig n if ic a n t  a sso c ia tio n  between EPC and TOTCIRC as was th e  case 
in  1970-1974 a ls o . Figure 16 i l l u s t r a t e s  th e  s c a t te r -p lo t  between 
EPC and TOTCIRC fo r  th is  period .
TABLE 33
SUMMARY OF CORRELATIONS WITH TOTCIRC 
1960-1964
Type o f  C orrela tions
EPC c o rre la te d  w ith TOTCIRC 
r  N
Among A ll Countries .52 52
Continent 
North America 
Europe
South America 
A sia
.99 7
.59 20
.34 8
- .0 8  10
Category 
Developed C en tra lly  
Developed Market 
Developing Market
Planned .84 7
.44 19
-.0 5  25
Energy Level 
ffedium 
Lew
.45 15
.28 18
.12 19H i#i
TO
TC
IR
C 
(p
er
 
th
ou
Ba
nd
)
FIGLUE 16
PLOT OF EPC WITH TOTCIRC
1960-19W
500
40(
300 -
200 "
100
r  =
1000 2000 3000 60005000 7000 110008000 9000
EPC
Odlognass per capita)
rocnLn
256
if. W ithin Country c o r re la t io n s  o f  OCCUDIFF, QOVEXP, and TOTCIRC.
Due to  th e  low number o f  observations o f  OCCUDIFF w ith in  co u n tries  
fo r  th e  tw en ty -five  y ear tim e p e rio d , no v a l id  conclusions can be 
drawn from th e  d a ta  p resen ted  in  Table 26. N evertheless, some 
id e a  o f  the  d ire c tio n  o f  th e  r e la tio n s h ip  between EPC and OCCUDIFF 
can be ga thered  from the Table as w ell as from th e  s c a t te r - p lo t  
diagram  in  F igure 17. As in  th e  case w ith  a c ro ss -  country 
re la tio n s h ip s  between th e se  two r e f e r e n t s ,  w ith in  o o u rtry  a sso c ia tio n s  
tend  to  be p o s it iv e  and s tro n g . Moreover, th e  slopes in  Figure 
17 i l l u s t r a t e  th a t  o o u itr ie s  w ith  low energy p roduction  p e r  c a p ita  
have g re a te r  values o f  b . As th e  le v e l  o f  EPC in c re ases  cn th e  
s c a le ,  b 's  te n d  to  decrease . Thus in c reases  o f  EPC fo r  low values 
o f  energy ten d  to  be a sso c ia ted  w ith  l a r g e r  in c re ases  f a r  OCCUDIFF 
th an  i s  th e  case fo r  in c re ases  in  EPC fo r  h igh  values o f  energy.
This i s  to  be expected  s in ce  th e  p ro p o rtio n a l ano in t t h a t  OCCUDIFF 
can in c rease  le s se n s  as OCCUDIFF in c re a se s . A lso, th e  ab so lu te  
amount o f  in c re a se  in  OCCUDIFF i s  lim ite d  as i t  approaches the  
value o f  1 . As suggested above, however, any conclusion  about th e  
r e la t io n  between these  two r e fe re n ts  i s  h ig h ly  te n ta t iv e  considering  
th e  s c a r c i ty  o f  d a ta  and th e  sm all nunber o f  cases.
Cn th e  o th e r  hand, w ith  reg a rd  to  c o rre la t io n s  between EPC and 
GOVEXP, th e re  i s  a  good in d ic a tio n  th a t  GOVEXP i s  h ig h ly  o r  m oderately 
a sso c ia ted  w ith  EPC w ith in  c o u n tr ie s . That i s ,  a t  a  le v e l  o f  
s ig n if ic a n c e  o f  .05 o r  l e s s ,  tw en ty -th ree  c o u n trie s  had p o s it iv e  r ' s  
and fo u r had n eg a tiv e  r ' s  o f  .70 o r  above. Among c o u n tr ie s  w ith  
an r  = .69 o r  l e s s ,  eig^vt had p o s it iv e  a sso c ia tio n s  and fo u r had
Code:
(1 ) Ifcriey
J2) Dominican Republic 
13) Quatenala 
f1*) S. Korea 
C5) Spain
(6) New Zealand
(7 ) Jd^an
( 8) Ireland  
O ) Sbedei 
(lO)Caiada
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neg ativ e  a sso c ia tio n s . A ll o f  these  had an r  = .46 o r  above and 
were a t  le a s t  s ig n if ic a n t  a t  the  .05 le v e l. F in a lly , a l l  countries 
w ith  r ' s  o f  .70 o r  above were a  rep re se n ta tiv e  m ixture from 
c o n tin en ts , c a te g o rie s , and energy le v e ls .
Figure 18 dep ic ts  th e  re la tio n sh ip  between EPC and QOVEXP 
w ith in  two c o u n tr ie s , Denmark and I r a q , which are f a i r l y  rep resen t­
a t iv e  o f  the  a sso c ia tio n  among the two re fe re n ts  f o r  developed, 
h igh  energy le v e l co u n tries  and developing, low energy le v e l  
o o u i t r ie s .
F in a lly , w ith re sp e c t to  c o rre la tio n s  between EPC and TOTCIRC 
w ith in  c o u n trie s , th e re  i s  a  gpod in d ic a tio n  th a t  th e se  two re fe re n ts  
a re  h igh ly  o r  m oderately a sso c ia ted . A t a  s ig n ifican ce  le v e l  o f  
.05 o r  l e s s ,  n ine teen  coun tries had p o s it iv e  r ' s  and th ree  had 
neg ativ e  r ' s ,  a l l  w ith an r  = .70 o r  h ig h e r. Of e ig h t  countries 
w ith  s ig n if ic a n t  c o rre la tio n s  o f  .05 o r  le s s  and r  = ,69 o r l e s s ,  
fo u r were p o s itiv e  and fo u r were n e g a tiv e . The low est r  among 
th e se  coun tries was an r  = .56. Again, coun tries w ith  an r  equal 
to  o r  g re a te r  than  .70 were a  re p re se n ta tiv e  m ixture from co n tin en ts , 
c a te g o r ie s , and energy le v e ls .
Figure 19 i l l u s t r a t e s  the  re la tio n sh ip  g rap h ica lly  between 
EPC and TOTCIRC fo r  th re e  coun tries: Japan, the L hited  S ta te s , and 
Romania. Ihe United S ta te s  has a  n eg a tiv e  a sso c ia tio n  between th e  
re fe re n ts  ad does N icaragua and Belgium among c o u n trie s  w ith  an r  
equal to  o r  g re a te r  than .70 ( s ig n if ic a n t) .  However, th e  general 
n a tu re  o f  th e  re la tio n sh ip  w ithin  most o f  the c o m tr ie s  sampled 
is  rep resen ted  by th a t  o f  Japan and Romania. Thus, th e  conclusion
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i s  th a t  in  general th e re  i s  a  tendency fo r  EPC to  be p o s it iv e ly  
a sso c ia ted  w ith TOTCIRC.
Conclusicns
Since a  p ro b a b ility  sample was no t used in  th is  a n a ly s is , th e  
usefu lness o f  o b ta in ing  c o rre la tio n  c o e ff ic ie n ts  was in  determ ining 
th e  s tre n g th  and d ire c tio n  o f  the  re la tio n sh ip s  among th e  r e f e r e n ts . 
Consequently, the  find ings discussed  thus f a r  cannot be generalized  
to  a  un iverse  con ta in ing  a l l  co u n tries  o f  the-w orld  although th e  
sample o f  seventy c o m tr ie s  rep re sen ts  a  largo  p o rtio n  o f  th e  t o t a l ­
i t y  o f  n a tio n s (approxim ately 158). I t  i s  obvious, fo r  example, 
t h a t  North and South America along w ith  Europe a re  f a i r ly  rep resen ted  
in  th e  sample; in: f a c t  most o f th e  coun tries in  th ese  co n tin en ts  
a re  included . This i s  no t the  case w ith  A frica , A sia , and Oceania 
where co u n tries  in  th e  sample rep re se n t only a  s n a i l  p o rtio n  o f  
the  t o t a l i t y  in  each co n tin en t. E sse n tia lly , t h i s  r e f le c t s  th e  
pauc ity  o f  so c ia l  d a ta  fo r  coun tries in  th ese  con tinen t* .
Since th i s  an a ly s is  rep resen ts  a  f i r s t  s te p  in  a  research  process 
which has a tten p te d  to  demonstrate th e  em pirica l a p p lic a b i l i ty  o f  
a  thermodynamic theo ry  o f  so c ie ta l  evo lu tion , some conclusions can 
and should be drawn in  o rder to  pave th e  way f a r  c la r i f i c a t io n  and 
m odification  o f  th e  suggested p ro p o sitio n s . For th is  purpose, 
s ig n ific an c e  le v e ls  w il l  be used in  making d ec is io n s w ith  re sp e c t 
to  each o f  th e  n ine hypotheses. The conclusions th a t  fo llcw  a re  
based on th e  understanding th a t  th e  s ig n ific an c e  p ro b a b ility  r e s t s
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on g e n e ra liz in g  th e  fin d in g s  to  an imaginary un iverse  o f  l ik e  c o u n tr ie s  
fo r  which d a ta  i s  a v a ila b le . The conclusions drawn a re  th e re fo re  
t e n ta t iv e  w ith th e  understand ing  th a t  th e  un iverse  does no t c o n s is t  
o f a l l  c o u n tr ie s  o f th e  w orld.
Table 34 below re c a p i tu la te s  a l l  c o r re la t io n s  th a t  were c a lc u la te d  
a long  w ith  t h e i r  s ig n if ic a n c e  p ro b a b i l i t ie s .  In  view o f  making a  
d e c is io n  w ith re sp e c t to  each o f  th e  n ine  hypotheses, a  d is t in c t io n  
i s  made between congruence among th e  r e fe re n ts  o r v a ria b le s  and 
magnitude. The i n i t i a l  c r i t e r io n ,  o f  cou rse , i s  congruence -  whether 
th e  r e f e r e n ts  a re  a sso c ia te d  w ith  each o th e r  in  th e  d ire c tio n  proposed. 
Beyond t h i s ,  however, th e  in te r e s t  fo r  p re d ic tiv e  purposes i s  in  
magnitude -  th e  degree o f  s tre n g th  o f th e  re la tio n s h ip  between th e  
r e f e re n ts .  This o f fe r s  e s s e n t ia l ly  fou r p o s s ib i l i t i e s  fo r  judging  th e
4 .  4 .  1 6t e s t :
1. The r e la t io n  between re fe re n ts  i s  in  th e  d ire c tio n  p red ic ted  
and c lo se , r  i s  p o s i t iv e  and i s  .7  o r  above. The r e la t io n  
i s  th e re fo re  probably t r u e  and th e  hypo thesis i s  accep ted .
2. The r e la t io n  between r e fe r e n ts  i s  in  th e  d ire c tio n  p red ic ted  
but no t c lo se , r  i s  p o s i t iv e  and le s s  th an  .7 . The r e la t io n  
i s  th e re fo re  p o ss ib ly  t r u e  but th e  hypo thesis  i s  c o n d itio n a lly  
re je c te d .
3. The r e la t io n  between r e f e r e n ts  i s  in  th e  opposite  d ire c tio n  
p red ic ted  and n o t c lo se , r  i s  negative  and i s  l e s s  than  .7 .
The r e la t io n  i s  th e re fo re  p o ss ib ly  f a l s e  and th e  hypothesis
16
For a  d isc u ss io n  o f  in te r p r e ta t io n  o f  t e s t s  a long  th e se  
l in e s ,  see Jack  G ibbs, Sociological. Theory C onstruction . (The Dryden 
P re ss , I n c . : H insdale, I l l i n o i s .  19721 C hapter '9'.
TABLE 34
SUMMARY OF ALL CORRELATIONS CALCULATED BETWEEN EPC 
AND OCCUDIFF, GOVEXP AND TOTCIRC WITH 
SIGNIFICANCE LEVELS
EPC 1950-1959 1960-1964 1965-1969 1970-1974
correlated  with r P r P r P r P
A ll Oouitrias
1 OOTBTFT” .69* .04 .45** .00 .56** .00 .37* .02
GOVEXP .19 .29 .15 .25 .28* .04 .21 .13
TOTCIRC .60** .00 .52** .00 .74** .00 .58** .00
CatKRorv
ir r r o f o iE T .33 .14 .41 .16 .10 .70
GOVEXP *.22 '.38 .12 .57 .04 .86 -.0 2 .91
TOTCIRC .42* .04 .44 .06 .47* .02 .50* .05
(2) OOCUDIFF .89* .04 .52** .00 »59 .12 .31 .20
GOVEXP .07 .80 .09 .64 .16 .38 .19 .31
TOTCIRC .23 .29 -.0 5 .82 ,54** .00 .06 .79
(3) OCCUDIFF . - .B2 .38 * * . _
GOVEXP . - .47 .42 .  -
TOTCIRC .32 .43 .84* .02 .89** .00 .83** .01
(4) OCCUDIFF . - m " 4 * • ™
GOVEXP , - • " * * 4 ”
TOTCIRC
Continent
(1> OCCUDIFF . - .96 .18 ■ ™
GOVEXP .78 .42 - .1 7 .89 4 ^ - .3 1 .79
TOTCIRC .94 .21 .98 .12 • ™ .94 .21
(2) OOCUDIFF .82** .00 .72* .04
GOVEXP .64 .12 .78** .01 .73** .01 .86** .00
TOTCIRC .98** .00 .99** .00 .97** .00 .97** .00
(3) OCCUDIFF .78** .00 . - .84 .07
GOVEXP .35 .64 .38 .27 .23 .54 .53 .11
TOTCIRC .33 .42 .34 .41 .42 .26 .42 .30
(4) OCCUDIFF . - .82* .04 .43 .33 .49 .15
GOVEXP .74 .09 -.0 0 .98 .18 .55 .16 .59
TOTCIRC .78** .00 - .0 8 . a .81** .00 .13 .75
(5) OCCUDIFF .  _ .29 .23 .33 .35 .10 .75
GOVEXP .06 .86 .05 .84 -.1 5 .58 - .0 7 .79
TOTCIRC .47* .02 .59** .00 .66** .00 .83** .00
(6) OCCUDIFF . - . _ , - , -
GOVEXP -.5 9 .59 .03 .97 -.3 5 .77
TOTCIRC -.0 8 .94 .41 .59 .87 .32 • " . -
Energy Level 
(L) OOCJllL'fF .45 ns .09 ns .48 ns
GOVEXP ^69* ! ob .33 ns .76** .00 .38 ns
TOTCIRC .45 ns .28 ns .28 ns .63** .01
(M) OCCUDIFF . - .37 ns .42 ns .15 ns
GOVEXP -.1 5 ns .07 ns .36 ns .34 ns
TOTCIRC .61** .01 .45 ns .36 ns .58** .05
<H> OCCUDIFF . - . - .11 ns .34 ns .11 ns
GOVEXP .16 ns .15 ns .01 ns -.0 3 ns
TOTCIRC .34 ns .12 ns .30 ns -.3 4 ns
* S ig n if ic a n t a t  th e  .05 l e v e l .
** S ig n if ic a n t a t  th e  .01 le v e l .
Code: Category (1) Developed Market Economy
(2) Developing Market Economy
(3) Developed O entrally  Planned Econony
(4) Developing O entrally  Planned Economy
C ontinent Cl) A frica
(2) N orth  A nerica
(3) South America
(4) A sia
(5) Europe
(6) Oceania
Energy Level (L) Low
(M) Medium 
CH) High
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is  c o n d itio n a lly  r e je c te d .
4 . The r e la t io n  between re fe re n ts  i s  in  th e  opposite  d ire c tio n  
p red ic ted  and c lo se , r  i s  n eg a tiv e  and i s  .7 o r  above.
The r e la t io n  i s  th e re fo re  probably fa ls e  and th e  hypo thesis 
is  re je c te d .
These c r i t e r i a  a re  ap p lied  to  each o f  th e  fo u r outcomes f o r  the  
acro ss-co u n try  a n a ly s is , each outcome re p re se n tin g  a  time in te rv a l .  
Moreover, only r ' s  th a t  a re  s ig n i f ic a n t  a t  th e  .05 le v e l  o r  above 
w i l l  be used in  accep ting  th e  e x is ta rc e  o f  a  re la tio n s h ip .
Hypothesis 1: Amcng com  t r i e s , th e  g re a te r  the  r e f e r e n t  fo r
EPC a t  Tq , th e  g re a te r  the  r e f e re n t  f o r  OCCUDIFF 
a t  Tq.
C ond itiona lly  re je c te d . AH fo u r outcomes a re  in  th e  d ire c tio n  
p re d ic te d , b u t except fo r  one (1950-1959 w ith f iv e  cases) a l l  
have c o e f f ic ie n ts  le s s  th an  .7 . The r e la t io n  between th e  r e f e r ­
e n ts  i s  p o ss ib ly  t ru e .
Hypothesis 2: Among c o u n tr ie s , th e  g re a te r  the  r e f e re n t  fo r
EPC a t  Tq , th e  g re a te r  th e  r e fe re n t  fo r  GOVEXP
a t  T . o
R ejected . Among1 c o u n tr ie s , fou r outcomes are in  th e  d ire c tio n  
p re d ic te d , b u t only one i s  s ig n if ic a n t  a t  th e  .05 le v e l  and r  
i s  le s s  than  .7 . The r e la t io n  between th e  r e f e re n ts  i s  pretH bly 
n o t t r u e .
Hypothesis 3: Amcng c o u n tr ie s , th e  g re a te r  th e  r e f e r e n t  fo r
EPC a t  Tq , th e  g re a te r  th e  r e f e r e n t  f o r  TOTCIRC 
a t  Tc .
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C onditionally  re je c te d . A ll fo u r outcomes are  in  the d ire c tio n
p red ic ted  h u t only one (1965-1969) has an r  equal to  o r  g re a te r
than .7 . The r e la t io n  between th e  re fe re n ts  i s  p o ss ib ly  t r u e .
Hypothesis 7: Within un iverses o f  c o u n tr ie s , th e  g re a te r  th e
re fe re n t fo r  EPC a t  Tq , the  g re a te r  th e  re fe re n t
fo r  OCCUDIFF a t  T .o
7.1 . Economic Category Ih iv e rse .
7 .1a. For developed m arket economies, no s ig n if ic a n t  a sso c i­
a tio n s  were found. The hypothesis i s  re je c te d .
7.1b. For developing market economies, two. o f the  four out cones 
ware s ig n if ic a n t , one having an r  above .7 and both were in  
the d ire c tio n  p red ic ted . The hypothesis i s  co n d itio n a lly  
re je c te d . The re la t io n  between the  re fe re n ts  i s  p o ss ib ly  
t ru e .
7 .1c ,d . For developed and developing c e n tra l ly  planned economies, 
d a ta  were in s u f f ic ie n t  fo r  c a lc u la tin g  c o rre la tio n s  o r  fo r  
a r r iv in g  a t  any conclusions.
7 .2 . Continent Universe
7.2a. For North America, th e re  a re  only  two outcomes and both 
are  in  th e  d irec tio n  p red ic ted  and above .7 . The hypothesis 
i s  accep ted . The re la tio n :-between th e  re fe re n ts  i s  probably 
tru e  fo r  North ’America.
7.2b. For South America, th e re  a re  on ly  two outcomes and only 
one i s  s ig n if ic a n t . However, th e  o th e r  outcome i s  d o s e  to  
being s ig n if ic a n t  (p = .07 ). Both a re  in  th e  d ire c tio n  p re -
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d ie ted  and have an r  above .7 . Cn th is  b a s is ,  th e  hypothesis 
i s  accepted. The re la tio n  between th e  re fe re n ts  i s  probably 
t ru e  fo r  South America.
7 .2c . For A sia, th e re  i s  only  one outcome which i s  s ig n i f ic a n t .and 
in  th e  d ire c tio n  p red ic ted . Ihe hypothesis i s  c o n d itio n a lly  
re je c te d . The re la t io n  between the  re fe re n ts  i s  p o ss ib le  
t ru e  fo r  A sia.
7 .2d. For Europe, th e re  are no s ig n if ic a n t  outcomes. Ihe  hypothesis 
i s  re je c te d . The r e la t io n  between the  re fe re n ts  i s  probably 
n o t tru e  fo r  co u n tries  in  Europe.
7 .2 e ,f ,  For co u n tries  in  A frica  and Ooeania, d a ta  were in s u f f i ­
c ie n t  fo r  -ca lcu la tin g  c o rre la tio n s  o r fo r  a r r iv in g  a t  any 
conclusions.
7 .3 . Energy Level Universe.
7 .3 a ,b , and c . No s ig n if ic a n t  outcomes were ob tained  among
coun tries in  any o f  th e  th re e  energy le v e l c a teg o rie s . The 
hypothesis i s  r e je c te d . The r e la t io n  between th e  re fe re n ts  
i s  probably n o t tru e  fo r  each le v e l o f  energy.
Hypothesis 8: Within un iverses o f  ooxn t r i e s ,  -the g re a te r  the
re fe re n t  fo r  EPC a t  TQ, the  g re a te r  th e  re fe re n t
f o r  GOVEXP a t  T .o
8 ,1 . Economic Category Universe.
8 .1 a ,b ,c , and d. No s ig n if ic a n t  outcomes were obtained  amcng 
coun tries in  each o f  th e  fou r c a te g o rie s . Ihe hypothesis 
i s  re je c te d . The r e la t io n  between th e  re fe re n ts  amcng
268
co u n tries  w ith in  each economic category a re  probably no t 
tru e .
8 .2 . Continent Universe.
8 .2a. For North America, th re e  outcomes were s ig n if ic a n t .  A ll 
o f  these  were in  the  d ire c tio n  p red ic ted  and have an r  
above .7 . The hypothesis i s  accepted. The re la tio n - among 
th e  re fe re n ts  fo r  co u n tries  in  North America i s -  probably 
t ru e .
8 .2 b ,c , and d. For co u n tries  in  Sooth America, A sia , and Europe, 
no s ig n if ic a n t  outcomes were ob tained . The hypothesis i s  r e ­
jec ted . The re la t io n  among the  re fe re n ts  fo r  coin t r i e s  
w ith in  th ese  con tinen ts i s  probably n o t tru e .
8.2e and f .  For coun tries in  A frica  and Oceania, d a ta  were 
in s u f f ic ie n t  fo r  c a lc u la tin g  c o rre la tio n s  o r fo r  a r r iv in g  
a t  any conclusions.
8 .3 . Energy Level Universe.
8 .3a . For coun tries w ith in  low energy le v e l  c a te g o rie s , two 
o f  the  fo u r outcomes were s ig n if ic a n t .  Both were in  th e  
d ire c tio n  p red ic ted  and only one was above ,7 . .The hypothe­
s i s  i s  co n d itio n a lly  re je c te d . The r e la t io n  between the  
re fe re n ts  f o r  coun tries w ith in  low energy le v e ls  i s  possib ly  
t ru e .
8.3b and o. For co u n tries  w ith in  medium and high energy le v e ls , 
no s ig n if ic a n t  outcomes were ob tained . The hypothesis i s  
re je c te d . The r e la t io n  between the  re fe re n ts  fo r  co u n tries  
w ith in  medium and high energy le v e ls  i s  probably n o t t r e e .
269
Hypothesis 9: W ithin un iverses o f  c o u n tr ie s , th e  g re a te r  th e
re fe re n t  fo r  EPC a t  T0 , th e  g re a te r  th e  r e f e re n t  
fo r  TOTCIRC a t  TQ.
9 .1 . Economic Category Universe.
9 .1a . For o o m tr ie s  w ith in  th e  category  o f  developed n a rk e t 
economies, th e re  were th re e  s ig n if ic a n t  outcomes. A ll 
were in  the  d ire c tio n  p re d ic te d  but a l l  had an r  below 
.7 . The hypo thesis i s  th e re fo re  c o n d itio n a lly  re je c te d .
The r e la t io n  among th e  re f e re n ts  fo r  c o u n tr ie s  in  t h i s  
ca tego ry  ise p o ss ib le  t r u e .
9.1b. For o o m tr ie s  w ith in  developing market economies, on ly  
one s ig n if ic a n t  outcome was ob tained  in  th e  d ire c tio n  
p re d ic te d  and w ith  an r  below .7 . The hypo th esis  on t h i s  
b a s is  i s  r e je c te d . The re la tio n -  between th e  re fe re n ts  
among c o u n tr ie s  in  th is  category  i s  probably  n o t  t r u e .
9 .1 c . For co u n trie s  w ith in  developed c e n tra l ly  planned econom ies, 
th re e  s ig n i f ic a n t  outcomes were ob ta ined . A ll were in  the  
d ire c tio n  p re d ic te d  and a l l  had an r  above .7 . The hypothe­
s i s  i s  accep ted . The r e la t io n  between th e  r e fe re n ts  among 
c o u n tr ie s  in  t h i s  category i s  probably t r u e .
9. Id . No d a ta  were a v a ila b le  fo r  co u n tries  w ith in  developing 
c e n tr a l ly  p lanned economies and no c o rre la t io n s  ob ta ined .
9 .2 . C ontinent U niverse.
9 .2a . For com  t r i e s  in  North America, fo u r s ig n i f ic a n t  outcomes 
were ob ta ined . A ll were in  th e  d ire c tio n  p re d ic te d  and 
had an r  above .7 . The hypo thesis i s  accep ted . TMe r e la t io n
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between th e  re fe re n ts  fo r  o o m trie s  in  North America i s  
probably t ru e ,
9.2b. For co u n tries  w ith in  South America, no s ig n if ic a n t  outcomes 
were obtained . The hypothesis i s  re je c te d . The re la t io n  
between th e  re fe re n ts  among co u n tries  i s  probably n o t t ru e .
9 .2c . For o o m tr ie s  in  A sia , two s ig n if ic a n t  outcomes were ob­
ta in ed . Both were in  th e  d ire c tio n  p red ic ted  and had an 
r  above .7 . The hypothesis was c o n d itio n a lly  re je c te d . The 
r e la t io n  between th e  re fe re n ts  among co u n tries  in  Asia i s  
p o ss ib ly  t ru e .
9,2d, For o o m tr ie s  in  Europe, a l l  four outcomes were s ig n if ic a n t .  
A ll were in  th e  d ire c tio n  p red ic ted , but only  one had an r  
g re a te r  than  .7 . The hypothesis i s  co n d itio n a lly  re je c te d .
The r e la t io n  ;among th e  re fe re n ts  among o o m tr ie s  in  Europe 
i s  p o ss ib ly  t ru e .
9 .2e and f .  For com  t r i e s  in  A frica  and Oceania, d a ta  were
in s u f f ic ie n t  fo r  c a lc u la tin g  c o rre la t io n s  o r  fo r  a r r iv in g  
a t  any conclusions.
9 .3 . Energy Level U niverse.
9 .3 a . For o o m tr ie s  in  a  low en erg y .lev e l category , only cne
s ig n if ic a n t  outcane was obtained  in  th e  d ire c tio n  p red ic ted  
and w ith  an r  le s s  than .7 . The hypothesis i s  (XJttditiOnally 
r e je c te d . The re la t io n  between th e  re fe re n ts  among c o m tr ie s  
w ith low energy le v e ls  i s  poss ib ly  t ru e .
9 .3b . For o o m tr ie s  w ith a  medium le v e l o f  energy, two s ig n if ic a n t
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outcomes were ob ta ined . Both were in  th e  d ire c tic n  p red ic ted  
bu t both had an r  le s s  than .7 . The hypothesis i s  cond ition­
a l ly  re je c te d . The re la t io n  between the  re fe re n ts  among 
coun tries in  th is  category  i s :  p o ss ib ly  tru e .
9 .3c . For o oun tries w ith  a  high le v e l  o f  energy, no s ig n if ic a n t  
outcomes were ob ta ined . The hypothesis i s  re je c te d . The 
re la t io n  between th e  re fe re n ts  among high energy le v e l  
com  t r i e s  i s  probably n o t tru e .
For hypotheses four through s ix  which p e r ta in  to  c o rre la tio n s  
w ith in  c o u n tr ie s , refe rence  i s  made to  Table 26 which l i s t s  th e  
c o rre la t io n  c o e ff ic ie n ts  fo r  each country and to  Table 27 which 
g ives a  summary o f  s ig n if ic a n t  re la tio n sh ip s  .and th e i r  d ire c tio n . 
Hypothesis 4: Within c o u n tr ie s , th e  g re a te r  the  re fe re n t fo r
EPC a t  T12» th e  g re a te r  th e  re fe re n t fo r  OOCUDIFF 
a t  T12.
Accepted. Of a  t o t a l  o f  fourteen  outcomes where c o e f f ic ie n ts  were 
ob tained  between EPC and OCCUDIFF, e i ^ i t  were s ig n i f ic a n t .  ALL 
were, in  th e  d ire c tio n  p re d ic te d  and a l l  had an r  g re a te r .th a n  .7 , 
No outcomes were negative . The r e la t io n  between th e  re fe re n ts  
i s  probably t r u e .  This oonclusicn i s  h ig h ly  te n ta t iv e  due to  
th e  low N 's in  a l l  cases. As can be seen from Table 26, th e  
c o e ff ic ie n ts  a re  h igh , rang ing  from .90 to  1 .00 .
Hypothesis 5: Within c o u n tr ie s , th e  g re a te r  th e  re fe re n t  fo r
EPC a t  T-^s th e  g re a te r  th e  re fe re n t fo r  GOVEXP 
a t  T12.
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C o n d itio n a lly  r e je c te d .  Of a  t o t a l  o f  s ix ty  outcomes fo r  which 
c o e f f ic ie n ts  were o b ta in ed , th ir ty -o n e  were p o s i t iv e ly  s ig n if ic a n t  
w h ile  e ig h t were n e g a tiv e ly  s ig n i f ic a n t .  Of th e s e  outcomes, 
tw enty  two were s ig n if ic a n t  and in  th e  d ire c tio n  p red ic ted  w ith  
r ' s  above ,7 . On th e  o th e r  hand, th re e  o f th e  outcomes which 
were s ig n if ic a n t  were in  th e  o p p o site  d ire c tio n  p red ic ted  w ith  
r ' s  above ,7 , The r e la t io n  between th e  r e f e re n ts  i s  p o ss ib ly  
t r u e .
H ypothesis 6: W ithin c o u n tr ie s , th e  g re a te r  th e  re fe re n t  fo r
EPC a t  T^2, the  g re a te r  th e  r e f e r e n t  fo r  TOTCIRC 
a t  T12>
C o n d itio n a lly  r e je c te d .  Of a  t o t a l  o f  s ix ty -e ig h t  outcomes 
fo r  which c o e f f ic ie n ts  were o b ta in ed , tw en ty -th ree  were p o s i t iv e ly  
s ig n i f ic a n t  w hile seven were n e g a tiv e ly  s ig n i f ic a n t .  Of th e se  
outcom es, n ineteen  were s ig n if ic a n t  and in  th e  d ire c tio n  p re­
d ic te d  w ith  r ' s  above .7 . Three outcomes th a t  were s ig n i f ic a n t ,  
however, were in  th e  opposite  d i r e c t io n  p red ic ted  w ith  r ' s  o f  .7 
o r  above. The r e la t io n  between th e  re fe re n ts  i s  p o ss ib ly  t r u e .
Sumrary
1. The f a c t  t l a t  Hypotheses one and th re e  were c o n d itio n a lly  
re je c te d  probably g ives more in form ation  about th e  n a tu re  o f  th e  
r e la t io n s h ip  among th e  r e f e r e n ts  th an  would otherw ise be  th e  case .
In  a l l  c o r r e la t io n s ,  one independent v a r ia b le ,  energy production
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p e r c a p i ta , was used. A dd itiona l independent v a ria b le s  might allow  
g rea te r  p re d ic tiv e  power in  sp ec ify in g  th e  cond itions under which 
an a s so c ia tio n  between energy and the  o th e r  v a ria b le  i s  t ru e .  The 
fa c t  th a t  many c o rre la tio n s  w ith in  u n iv erses  were s ig n if ic a n t  and 
had r ’s above .7 ,  p lus th e  f a c t  th a t  w ith in  country c o rre la t io n s  
produced s ig n if ic a n t  r ' s  above .7 , in d ic a te s  the  p o s s ib i l i ty  th a t  
w ith in  co u n try  re la tio n sh ip s  among th e  r e fe re n ts  d i f f e r  sy stem ati­
c a lly . T hat i s ,  in  those  cases where w ith in  country observations 
can be w ell p red ic ted  on th e  b a s is  o f  l i n e a r  c o r re la t io n s ,  the  
slope o f  th e  reg re ss io n  l in e s  assume d i f f e r e n t  v a lu es , depending 
upon the v a lu e  o f  the independent v a r ia b le . This can be seen p a r t ic ­
u la r ly  in  F igures 11 and 12 f o r  OCCUDIFF, F ig ire s  15 and 16 fo r  
TOTCIRC, and fo r  w ithin country  a sso c ia tio n s  between EPC and OCCUDIFF 
(Figure 17) and EPC and TOTCIRC (Figure 19). Thus, w hile w ith in  
country re la t io n s h ip s  nay be l in e a r ,  n a in ly  due to  th e  range o f  th e  
independent v a ria b le , th e  " tru e "  c o rre la t io n  as evidenced among 
a l l  c o u n tr ie s  may in  f a c t  be n o n -lin e a r .
2. W ith re sp e c t to  c o rre la t io n s  between EPC and OCCUDIFF, th e  
te n ta t iv e  conclusion  i s  t h a t  a  p o s itiv e  and strong  re la tio n s h ip  
e x is ts  w ith in  c o u n tr ie s , a lthough the  a d d itio n  o f  more observations 
m y  change t h i s .  Moreover, evidence seems to  e x is t  f o r  a  strong  
p o s itiv e  a s so c ia t io n  among co u n trie s  in  developing market economies, 
North America, and South America. This m y  r e f l e c t  t h a t  th e  
re fe re n ts  a r e  more a sso c ia te d  in  a  co n tex t o f a  low le v e l  o f energy 
production o r  a  lew le v e l o f  economic development. T hat o th e r  n a tio n s
i n
o f  low energy p e r  c a p i ta ,  when grouped to g e th e r , produced h ig h e r 
r ' s  suggests t h i s  may be th e  case , e s p e c ia l ly  so s in c e  r ' s  were 
d e f la te d  by th e  a d d itio n  o f  h igh  energy producing c o u n tr ie s . Thus, 
energy production  has a  h ig h er impact cn occupational d i f f e r e n t ia t io n  
in  th e  beginning s tag es  o f  development. However, o th e r  system atic  
e f f e c ts  nay be o p e ra tiv e .
3. With re sp e c t to  c o rre la t io n s  between EPC and GOVEXP, co rre ­
la t io n s  among a l l  c o u n trie s  were low a s  were c o r re la t io n s  w ith in  
most u n iv e rse s , se v e ra l be ing  n e g a tiv e . The excep tion  was c o u n trie s  
w ith in  North America which had h igh  s ig n if ic a n t  r ' s  f o r  most o f  th e  
outcomes. As was seen in  th e  d isc u ss io n , however, two co u n tries  
w ith  h igh  le v e ls  o f  energy p roduction  and which were developed 
m arket economies, namely th e  U nited S ta te s  and Canada, had the  e f f e c t  
o f  in f la t in g  r ' s  w ith t h e i r  extreme values o f  EPC. The same e f f e c t  
was t r u e  w ith  reg a rd  to  A sia , b u t in  th e  opposite  d i r e c t io n ; the  
a d d itio n  o f  h igh  energy producing c o u n tr ie s  d e f la te d  r  fo r  A sia.
The conclusion  would seem to  be t h a t  GOVEXP i s  n o t s y s te n a t ic a l ly  
a sso c ia te d  w ith  EPC.
M-. With re s p e c t to  c o rre la t io n s  between EPC and TOTCIRC, high  
s ig n if ic a n t  c o rre la t io n s  were ob ta ined  among c o u n tr ie s  in  developed 
c e n tr a l ly  planned economies and North. America. However, c o rre la t io n s  
in  N orth America, as i t  was p rev io u s ly  d iscussed , were in f la te d  by 
one country  which was developed and a  h ig h  energy p roducer, i . e . , 
th e  U nited S ta te s . European o o m tr ie s  produce high c o rre la t io n s ;  
hcwever, when o th e r  developed o r  h igh  energy producer c o u n tr ie s  a re
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grouped to g e th e r  w ith  European c o u n tr ie s , c o rre la t io n  c o e ff ic ie n ts  
tend  to  d e f la te . Thus, system atic  e f fe c ts  a re  operating  in  co u n tries  
in  Europe th a t  a re  d i f fe re n t  from o th er co u n tr ie s .
5. The observed c o rre la tio n s  th a t  a re  s ig n if ic a n t nay involve 
o th e r  fa c to rs  which cause any conclusion w ith re sp ec t t o  th e  hypotheses 
to  be te n ta t iv e  a t  t h i s  p o in t. Thus, in te rven ing  v a ria b le s  may e x is t  
such a s  population  o r technology which may help  to  exp la in  th e  d ire c tio n  
and s tre n g th  o f th e  a sso c ia tio n . Or, th e  observed c o rre la tio n s  may be 
a  r e s u l t  o f  common fa c to rs  such as various c u l tu ra l  v a ria b le s  o r le v e l 
o f u rban iza tion , A fu r th e r  problem th a t  nay e x is t  w ith re sp ec t to  th e  
observed c o rre la tio n s  i s  th a t  a l l  th e  dependent v a ria b le s  (OCCUDIFF, 
GOVEXP, and TOTCIRC) a re  r a t i o s  o r  synoptic measures. I t  i s  q u ite  
p o ss ib le , th e re fo re , th a t  th e  c o rre la tio n s  obtained  nay in  fa c t  r e f l e c t  
re la tio n sh ip s  w ith  th e  denominator a s  w e ll a s  th e  numerator. That i s ,  
in  th e  r e f e r e n t ia l  fo r  OCCUDIFF, EPC may c o rre la te  w ith  th e  number of 
occupational c a teg o rie s  and in  th e  r e f e r e n t ia l  fo r  GOVEXP, EPC may 
c o rre la te  w ith  gross domestic product a s  w ell a s  w ith ab so lu te  amounts 
o f  government spending. In  a d d itio n , th e re  always e x is ts  th e  p o s s ib i l i ty  
o f a  spurious re la tio n sh ip  between th e  re fe re n ts  where hidden fa c to rs  
have an e f fe c t  on th e  dependent v a ria b le  which i s  a t t r ib u te d  erroneously  
to  EPC. This m y  be e sp e c ia lly  t ru e  in  t h i s  case  where only one 
independent v a ria b le  i s  u t i l i z e d .  F in a lly , th e re  e x is ts  th e  p o s s ib i l i ty  
o f a  tim e la g  whereby th e  in flu en ce  o f EPC on a  re fe re n t  such as 
TOTCIRC m y  occur and be observed only a f t e r  a  period  o f  tim e. The 
rev e rse  m y  a lso  be t r u e .
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The conclusion w ith regard  to  these  fa c to rs  and problems i s  
th a t  th e  nex t s te p  in  the  research  process would seek to  con tro l 
more d a ta , in troduce more v a ria b le s , and conduct p a r t i a l  c o rre la tio n s  
to  determine more e x p l ic i t ly  and under what conditions the  re la t io n ­
sh ip  between energy produced per c a p ita  and the  o th e r  re fe re n ts  
ho lds.
CHAPTER SEVEN 
SUMMARY AND CONCLUSIONS
An u n a lte ra b le  f a c t  about so c io c u ltu ra l ev o lu tio n  i s  th a t  man 
has expanded h is  dominion over the  n a tu ra l  environment. Q uantita­
t iv e ly ,  growth was indeed slew from th e  P a le o l i th ic  Age u n t i l  two 
g re a t rev o lu tio n s  spu rred  th e  growth o f  human popu lations in  a l l  
a l l  c o m e rs  o f  th e  globe. For th e  a g r ic u l tu r a l  and in d u s t r ia l  
rev o lu tio n s  brought n o t on ly  more s e c u r i ty  and c e r ta in ty  so  f a r  as 
sh e e r  e x is te n ce  was concerned, b u t th e  development o f  new techno log ies 
f o r  f u r th e r  expansion in  p u rs u i t  o f  th e  good l i f e .  Q u a lita t iv e ly , 
th e  in c rease  in  numbers and th e  in c re a s in g  e x p lo ita t io n  o f  what 
n a tu re  has to  o f f e r  went hand in  hand w ith  th e  ev o lu tio n  o f  c u ltu re  
and th e  c re a tio n  o f  new forms o f  s o c ia l  r e la t io n s h ip s .  The r i s e  
o f  u rb a n iz a tio n , th e  c re a tio n  o f  new tech n o lo g ie s , an in c re a s in g  
s o c ia l  d i f f e r e n t ia t io n  based  on the d iv is io n  o f  la b o r ,  th e  r i s e  o f  
th e  s t a t e ,  and th e  development o f  complex networks o f  human i n t e r ­
a c tio n  which depended upon w ritte n  language and more so p h is tic a te d  
forms o f  communication a re  examples o f  th e  new forms o f  human s e t t l e ­
ment and so c ia l  o rg an iz a tio n .
A view o f  t h i s  ev o lu tio n ary  p rocess in  an e c o lo g ic a l con tex t 
t i e s  th e  s o c ia l  and n a tu ra l  environments in to  a  system  fo r  understand­
ing  what B ennett has c a lle d  th e  "ec o lo g ic a l t r a n s i t i o n ." 1 For, a s id e  
from looking  a t  th e  p u re ly  so c ia l  and c u ltu ra l  f a c to r s , im portan t
1John W. B ennett, The E oo log ica l T ran s itio n : C u ltu ra l 
Anthropology and Hunan A daptation . CPergamon P ress : New York.
1976.
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as they a re , in  understanding th e  evo lu tion  o f s o c ie t ie s ,  th e  view 
o f  so c ie tie s  as so c ia l systems th a t  a re  open to  energy and inform ation 
exchanges w ith  t h e i r  environments provides an a d d itio n a l and valuable 
p e rsp ec tiv e . While a  g rea t deal has been learned  about nan and h is  
s o c ia l  re la tio n sh ip s  in  the  various n a tu ra l and s o c ia l  science d i s ­
c ip l in e s ,  n o t much, has been done to  in te g ra te  "this knowledge to  a r r iv e  
a t  a  more thorough and meaningful understanding o f man in  th e  contex t 
o f  a l l  the  re la tio n sh ip s  w ith  which he i s  involved and th is  includes 
h is  re la tio n sh ip s  w ith  n a tu re  as w e ll as w ith o th e r  men. M  i n t e r ­
d isc ip lin a ry  approach as was attem pted here o ffe rs  th e  promise o f  
coun te rac ting  a  s c i e n t i f i c  tendency to  J<now more and more about b i t s  
and p iec es , bu t le s s  a n d 'le s s  about an in te g ra te d  understanding.
Man e x is ts  as "environmental" to  n a tu re , something he has become 
more aware o f  in  the  recen t consciousness-ra ising  w ith  re sp ec t to  
environm ental degradation . But na tu re  i s  a lso  "environm ental" to  
nan, supplying th e  necessary  energy fo r  h is  ex is ten ce  and fo r  the  
b u ild in g  o f  c iv i l iz a t io n .  The latfs o f  thermodynamics suggest th a t  
nan e x is ts  in  a  synb io tio  re la tio n sh ip  w ith  th e  n a tu ra l  environment.
In  sh o r t, the  p e rsp ec tiv e  o f  nan and h is  so c ia l environment as being  
p a r t  o f  an eco lo g ica l con tex t means th a t  any study o f  h i s  so c ia l  and 
c u l tu ra l  development must take  in to  account n o t on ly  fa c to rs  indigenous 
t o  so c ia l sc ience , bu t o th e r  fa c to rs  as w e ll which o f f e r  p o s s ib i l i t i e s  
and p resen t l im ita t io n s  on such development.
Thus, th e  b a s ic  th r u s t  o f  th i s  resea rch  has been to  develop and 
o f f e r  a  theory  o f  evo lu tionary  growth and development based on two 
thermodynamic law s. The f i r s t  gives th e  understanding th a t  man n e ith e r
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"produces11 in  th e  sense o f  c re a tin g , nor destroys energy and th e  second 
provides th e  understanding th a t  any work performed r e s u l ts  in  th e  
degradation  o f energy. Any work performed, and t h i s  includes b io lo g i­
c a l  growth as w ell a s  so c io -c u ltu ra l  growth and development, req u ire s  
energy. Moreover, a l l  l i f e  processes tend toward d iso rd e r, death , 
o r entropy un less energy i s  tra n s fe r re d  from same o th er p a r t  o f the  
un iverse  to  do work in  m aintain ing o rd er, l i f e ,  o r  negentropy. Thus, 
a  thermodynamic theory  o f so c ie ta l  evo lu tion  nay o f fe r  no t only a 
more h o l i s t i c  understanding o f th e  evo lu tionary  process, bu t an 
em pirica l y a rd s tic k  w ith  which to  measure, understand, and p red ic t i t .
Numerous s tu d ie s  o f  eco log ica l cam nunities rev ea l th e  importance 
th a t  a  thermodynamic framework has fo r  understanding community growth 
and development. The change in  eco lo g ica l communities from young to  
mature ecosystems nay provide a  model fo r th e  understanding o f  the 
evo lu tionary  process in  so c ie t ie s  a s  open systems. As eco log ica l 
communities grow and develop by im porting more energy from, th e  environ­
m ent, they c h a ra c te r is t ic a l ly  increase  in  th e  d iv e r s if ic a t io n  o f spe­
c ie s ,  become more complex in  term s o f  th e  l in k s  in  th e  food chain , and 
accumulate more inform ation.
S tudies o f  so c io c u ltu ra l evo lu tion  re v e a l some s tr ik in g  s im ila r i­
t i e s  to  p rocesses involved in  eco lo g ica l ccm m m ities. S o c ie tie s  
in c re as in g ly  harness g re a te r  amounts o f energy, become more d i f f e r e n t i ­
a te d , evolve toward g re a te r  interdependence among s tru c tu re s , and 
generate  and s to re  in creasin g  amounts o f inform ation. The use o f therm ­
odynamic laws nay be th e  key to  a  f u l l e r  understanding o f  how so c ia l
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re la tio n sh ip s  a re  cond itioned  by fa c to r s  beyond th e  p u re ly  s o c ia l  
environm ent.
Energy provides th e  cond ition  f o r  s o c io c u ltu ra l  evolu tion  in  
making growth and an e la b o ra tio n  o f  s o c ia l  s t ru c tu re  e n e rg e tic a lly  
p o ss ib le . I t  i s  n o t a  "prime-mover" n o r  i s  i t  a  cau sa l agent.
An im portan t fa c to r  t o  co n sid er i s  th e  ro le  o f  technology which 
func tions as a  " t r ig g e r  mechanism" to  re le a se  more energy from th e  
environment fo r  man's use . Technological development responds to  
the  development o f  need as resou rces become scarce  o r  unavailab le .
The h is to r y  o f  s o c ie ta l  evo lu tion  i s  a  c o n tin u a l probing in to  
th e  p ro sp ec tiv e  functions o f  th e  environment to  make them o p e ra tio n a l 
and re a l iz e d . Another .important f a c to r  f o r  co n sid e ra tio n  i s  th a t  
o f  p o pu la tion  which o p era tes  to  p lace  p ressu re  cn le v e ls  o f  su b s is­
tence  and th e re fo re  fu r th e rs  the development o f  technology. Popu­
la t io n  growth i s  a lso  a  r e s u l t  o f  tech n o lo g ica l advance as g re a te r  
d e n s itie s  o f  popu la tion  and n o n -a g r ic u l tu ra l is ts  can be na in ta ined  
by r a i s in g  th e  le v e l  o f  su b s is ten c e . Both technology and population  
f ig u re  as in te rv en in g  v a ria b le s  f o r ,  in  one sen se , th ey  provide 
th e  mechanisms fo r  more energy to  be re le a se d  in to  a  so c ia l  system.
In ano ther sense , t h e i r  growth has im p lica tio n s  fo r  new and h igher 
le v e ls  o f  s o c ia l  o rg an iz a tio n  which must f in d  ways to  in te g ra te  
la rg e r  numbers o f  d iv erse  peoples and which must provide th e  management 
and manpower to  perform  tec h n o lo g ic a l ta s k s .
The ro le  o f  energy i s  thus a  co n d iticn in g  f a c to r  f a r  th e  
ev o lu tio n ary  p rocess . The h is to ry  o f  c iv i l iz a t io n  re v e a ls  a  s h i f t  
from cne source o f  energy to  ano ther which a t  the  same tim e tends 
to  in c rease  lab o r e f f ic ie n c y . This i s  p a r t ic u la r ly  demonstrated in
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the  case o f  contemporary s o c ie t ie s  which in c re a s in g ly  fav o r la b o r  
e f f ic ie n c y  over thermodynamic e ff ic ie n c y . Consequently, energy use 
i s  expanding in  th e  contemporary w orld, n o t only  due to  the r i s e  
o f  consumption o r ie n te d  economies as i s  th e  case w ith  developed 
c o u n tr ie s , b u t a ls o  w ith  th e  g re a te r  e f f o r ts  to  in d u s tr ia l iz e  and 
r a i s e  th e  su b s is ten c e  le v e l  as a  r e s u l t  o f  th e  development o f  need 
in  the  t h i r d  w orld. N eedless to  say , th i s  invo lves in c re as in g  
problems w ith  re sp e c t to  in c reas in g  entropy in  th e  environment in  
th e  form o f  waste and p o llu tio n  and the  d e p le tio n  o f  reso u rces.
Che suspects t h a t  what i s  a lso  involved i s  an in c re a s in g ly  in e f f i c i e n t  
and w astefu l use o f  scarce  energy resources which do not c o n tr ib u te  
in  th e  l a s t  a n a ly s is  to  s o c ie ta l  w e lfa re . What becomes s ig n i f ic a n t  
i s  n o t th e  ab so lu te  am aint o f  energy gained , b u t  th e  n e t  g a in , a f t e r  
lo s s  due to  w aste and h e a t. At any r a t e ,  energy use in  th e  contempo­
ra ry  world i s  in c re a s in g  ex p o n en tia lly  and a t  a  f a s t e r  r a te  than  
population  growth.
One consequence a sso c ia te d  w ith  in c re a s in g  energy tran sfo rm atio n  
in  th e  ev o lu tio n ary  process i s  the continued tendency toward so c ia l  
d i f f e r e n t ia t io n ,  tec h n o lo g ic a l and population  growth a re  a lso  invo lv ­
ed in  the  fa c t  t h a t  a s  s o c ie t ie s  develop, ro le s  become more s p e c ia l­
iz e d , p lac in g  a  premium on e x p e r tis e  and e f f ic ie n c y , e sp e c ia lly  in  
th e  economic realm . Production o f  s o c ia l ly  valued  o b jec ts  in c re a s in g ly  
becomes a  s o c ia l  r a th e r  than  a  k in -o rie n te d  undertak ing . In  essence , 
s o c ia l  d i f f e r e n t ia t io n  upgrades the  adap tive  c a p a c ity  o f  a  s o c ie ty  
in  responding to  and c o n tro llin g  i t s  n a tu ra l and s o c ia l  environm ents.
I t  does so by en ab lin g  a  so c ie ty  to  develop a  g r e a te r  p roductive
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cap ac ity  and a m u lt ip l ic i ty  o f  feedback loops among sp e c ia liz ed  
s tru c tu re s  which provide more energy and inform ation exchanges fo r  
purposes o f  s e lf - re g u la tio n .
A secm d consequence a sso c ia ted  w ith  increasing  energy t r a n s ­
form ation i s  a  developing complexity o r  interdependence among 
sp e c ia liz e d  and d if fe re n t ia te d  s o c ie ta l  components. As d if fe re n t ia t io n  
p rog resses, the  linkages between sp e c ia liz e d  and autonomous u n its  
become more in te rtw ined  so th a t  complementarity i s  provided in  th e  
m idst o f  d iv e rs ity . This i s  e sp e c ia lly  seen as autonomous u n its  
in c re a s in g ly  become subordinated  to  s tru c tu re s  which provide some 
degree o f  norm ativ ity  among a l l  s o c ie ta l  components. E s s e n tia lly , 
a  developing complexity functions to  provide fu r th e r  in te g ra tio n  
in  terms o f  membership in  a  so c ie ty  and in  terms o f  fu n c tio n a l 
c o n trib u tio n s  to  s o c ie ta l  opera tion  as a  whole. A c le a r  example 
i s  th e  case o f  in c re as in g  c a r t  r a l iz a t io n  as found in  power s tru c tu re s  
such as government which serves to  coordinate  d if fe re n t ia te d  a c t iv i t ie s  
and ro le s  in to  a  system atic  network o f  in te ra c tio n .
A th ird  consequence asso c ia ted  w ith  in c reas in g  energy tra n s ­
form ation i s  the accum ulation a id  flow o f  inform ation in  so c ia l  
system s. I f  energy rep re se n ts  the  cond ition  which makes growth and 
development e n e rg e tic a lly  p o ss ib le , inform ation as p a r t  o f  a  c u ltu ra l  
con figu ra tion  rep re se n ts  a  cybernetic  c o n tro l o f  the  d ire c tio n  and 
course o f  evolu tion . A so c ie ty  develops an in c reas in g ly  so p h is tic a te d  
network o f  inform ation flew s and exchanges which nay be viewed as 
a  le a rn in g  system and which provides a  behav io ra l design o r  framework 
fo r  in te r a c t io n . Such inform ation exchanges a c t as a  cybernetic
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feedback loop fo r  s e l f - r e g u la t io n ; the  behavioral d e s ig i encompasses 
a  s e t  o f  goals which rrust f in d  a  p o in t o f  convergence between- in d iv ­
id u a l ,  personal goals and th e  requirem ents o f  th e  system. E s s e n tia lly , 
th e  increase  in  in  format ion involved in  s o c ie ta l  evo lu tion  serves 
to  genera lize  th e  behav io ra l design in  promoting lo y a lty  and a  
sense o f  ap p ro p ria te  behavior w ith  re sp e c t to  generalized  goals and 
va lues which functions fo r  pattem -m ain tenance.
A ll th ree  consequences (so c ia l  d if f e r e n t ia t io n , complexity, 
and inform ation) involve energy flews and exchanges as in d ica ted  
by th e  fig u res  in  Chapter Four in  th a t  energy t  nans form at ion provides 
th e  necessary  support fo r  t h e i r  development. Together they rep re sen t 
a  developing sy s te m  ess by vhich  is  meant an in c reas in g  sep ara tio n  
o f  s o c ie ta l  components which i n t e r r e l a t e ,  in te r a c t ,  and in te r ­
depend and which g ives an in c re as in g ly  s tru c tu ra l  c h a ra c te r  to  
s o c ie t ie s  as system s. In  s h o r t ,  they rep re se n t a  decreasing  entropy 
o r  an increasing  o rd er in  s o c ie t ie s  as low entropy i s  imported from 
the  environment. A systems approach toward evo lu tionary  development 
e n ta i l s  Hie use o f  various p r in c ip le s  such as those  o f  thermodynamics, 
feedback-loops, and fu n c tio n a l r e la t io n s  t h a t  a re  isomorphic to  
systems o f  re la tio n sh ip s  in  general. With a  systems model, a  number 
o f  p ro p o sitio n s were construc ted  which re la te , energy conversion to  
system  growth and e la b o ra tio n .
The em pirica l t e s t  invo lv ing  contemporary s o c ie t ie s  rep resen ts  
on ly  a  sm all segment o f  Hie t o t a l  time frame o f  sociociiL tural evolu­
t io n .  Although fu r th e r  resea rch  i s  necessary  u t i l i z in g  models o f  
re c ip ro c a l causation  and n o n -lin e a r  c o rre la t io n , th e  t e s t  rep re se n ts
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an ex p lo ra to ry  e f f o r t  and a  dem onstration t h a t  th e  p ro p o sitio n s  th a t  
were o ffe red  were em p iric a lly  a p p lic a b le  and could genera te  hypotheses. 
In  th i s  sense , th e  t e s t  was o ffe re d  no t a s  a  s tr a te g y  o f  s c i e n t i f i c  
p ro o f, bu t r a th e r  a s  a  s tra te g y  o f  s c ie n t i f i c  d iscovery . E s s e n tia l ly , 
th e  concern was w ith  what r o le  energy does p lay  in  contemporary s o c ie ta l  
development by using  c o r r e la t io n a l  a n a ly s is  as  an i n i t i a l  to o l  to  
determ ine th e  d i r e c t io n  and s tre n g th  o f  a s s o c ia t io n  between energy 
use and o th e r  v a ria b le s  in  a  sample o f c o u n tr ie s .
C e rta in  l im ita t io n s  were ev iden t in  t h i s  a ttem pt th a t  had to  do 
w ith  th e  q u a li ty  and a v a i la b i l i ty  o f  d a ta . Connected w ith  t h i s  was 
th e  d i f f i c u l ty  in  ach iev ing  a  random sample; hence, th e  use  o f  a  
th e o r e t ic a l  sample fo r  ex p lo ra to ry  purposes. A much la rg e r  is su e  i s  
th e  f a c t  t h a t  a  tim e span on th e  o rder o f  tw enty  f iv e  years  f a r  which 
d a ta  o f  t h i s  type  a re  a v a ila b le  re p re se n ts  a  r e l a t iv e ly  sh o rt in te rv a l  
o r  "tim e sample" w ith  which to  measure ev o lu tio n ary  development.
Another m ajor l im i ta t io n ,  o f co u rse , was th e  f a c t  th a t  on ly  one 
independent v a r ia b le ,  namely energy production  per c a p i ta ,  was u t i l i z e d ,  
th u s  b a rr in g  th e  p o s s ib i l i ty  o f c o n tro l l in g  f a r  sp u riousness , m ediating 
causes, o r  s e l f - c o r r e la t io n .  Moreover, th e  use o f  a  l in e a r  model 
causes d i f f i c u l t i e s  in  in te rp re t in g  th e  meaning o f  any c o rre la t io n s  
in  l ig h t  o f  th e  f a c t  th a t  one would expect asym ptotic growth cu rv e s . 
These concerns, p lu s  th e  f a c t  t h a t  many assum ptions were involved , 
p a r t ic u la r ly  w ith  re sp ec t t o  th e  com parab ility , r e l i a b i l i t y ,  and th e
v a l id i ty  o f th e  d a ta  and th e  v a l id i ty  o f  th e  in d ic a to rs  o r  r e f e r e n t i a l s
*
impose severe  r e s t r i c t i o n s  on any conclusions th a t  can be drawn.
N evertheless, th e  t e s t  o f fe re d  a  number o f  advantages. P rim arily ,
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i t  served to  lo c a te  th e  d irec tio n  o f  the  re la tio n sh ip s  amcng th e  
v a ria b le s  a s  p red ic ted  and to  a ssess  t h e i r  s tre n g th . Moreover, i t  
served to  ju s t i f y  th e  n e c e ss ity  fo r  c o n tro llin g  fo r  c e r ta in  e f fe c ts  
such as reg io n a l v a r ia tio n ; in  f a c t ,  system atic  v a ria tio n  w ith in  
c o u n tr ie s , c o n tin en ts , c a teg o rie s , and energy l e w is  was seen to  
e x is t  which clouded th e  o v e ra ll c o rre la t io n s . In s h o r t ,  tile  r e je c t io n  
o f  many o f  the  hypotheses paves th e  way fo r  a  fu tu re  d ire c tio n  in  
expanding, c la r ify in g , o r  modifying th e  p rop o sitio n s to  include the  
conditions under which energy may p re d ic t  the  value o f  o th e r  system 
values in  o rder to  a r r iv e  a t  a theory  which i s  general and explanatory . 
In th is  sense, the  proposed theory  i s  suggestive and incom plete.
The em pirica l t e s t  may have a lso  demonstrated something e ls e .
As one s tu d ies  the  s c a t te r -p lo t  d iagrams in  th e  previous chap ter 
(p a r t ic u la r ly  Figures 11, 12, 17, and 18) i t  appears th a t  developed, 
h igh  energy -leve l coun tries expend g re a te r  amounts o f  energy w ithout 
s ig n if ic a n t  outcomes w ith  resp ec t to  th ese  re fe re n ts  o f  o rd er. In 
some c a se s , g rea te r  energy expenditures among th e se  coun tries makes 
no d iffe ren ce  whatsoever. I f  th ese  re fe re n ts  a re  v a lid  in  measuring 
what they  a re  pu rporting  to  measure, th e  conclusion must be t h a t  
beyond a  given po in t o f energy expend itu re , fu r th e r  energy consump­
t io n  i s  non-con tribu tive  from an order-m aintenance p erspec tive .
In a  s im ila r  vane, th e  increase  o f  energy expenditures from an 
economic po in t o f  view m y  gp more in to  increased  oonsunpticn and le s s  
in to  in c reas in g  the  t o t a l  w elfare  o f  a  so c ie ty . There i s  reason 
to  suspec t th a t  th e  replacem ent o f  high-wage lab o r by form erly 
cheap forms o f  energy in  coun tries l ik e  th e  United S ta te s , fo r  example,
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has re s u l te d  in  le s s  a c tu a l  growth, i f  cue uses th e  Gross N ational 
Product a s  a  measure. In  f a c t ,  th e re  i s  sane evidence th a t  c o u n tr ie s , 
i n  Europe fo r  in s ta n c e , w ith  lcw er energy budgets have h igher growth 
r a t e s  in  term s o f  GNP th a n  does th e  U nited S ta te s  which has one o f 
th e  h ig h es t energy budgets . In  s h o r t ,  in  h ig h ly  consumptive c o u n tr ie s , 
th e  evidence seems t o  suggest th a t  th e  p roductive  ta s k  i s  in c re as in g .
I t  i s  no t t h a t  th e  amount o f  lab o r i s  in c re a s in g , bu t t h a t  th e  amount 
o f  energy use i s  in c re as in g  due to  la b o r  sav ing  machinery and tec h n o l­
ogy. As W ilkinson s ta te s :
"The continued  urgency o f  consumption and th e  
lew p r io r i ty  given to  le i s u r e  must be taken  
a s  in d ic a tio n s  o f  th e  in c re a s in g  ' r e a l '  co s t 
o f  l iv in g  in  an in d u s t r ia l  s o c ie ty ,1,Lt
These sta tem ents suggest a rea  fo r  f u r th e r  re se a rc h . I f  th e re  
i s  any t r u th  to  the id e a  o f a  th re sh o ld  beyond which fu r th e r  energy 
tran sfo rm a tio n  i s  not conducive to  th e  t o t a l  w e lfa re  (and thermodynamic 
o rd e r)  o f  a  so c ie ty , i t  conforms to  a  thermodynamic model o f  s o c ie t ie s  
and ecosystems in  th a t  thermodynamic system s in  g en era l dem onstrate 
asym ptotic  growth curves. Figure 20 i l l u s t r a t e s  th e  growth curves 
o f  an organism , an ecosystem , and a  human popu la tion . A ll th re e  
re p re se n t systems o f energy exchanges, th ey  a l l  re q u ire  energy fo r  
continued  growth, and th e  f i r s t  two have con clu siv e ly  shown a  tendency
i
toward a  s te a d y -s ta te  which i s  determ ined by a  p a r t ic u la r  le v e l  
o f  energy in p u t. The beginning s ta g es  o f growth a re  recognized  a s  
t h e i r  re sp e c tiv e  immature phases w ith  an  emphasis on p ro d u c tiv ity  
(o r  rep roduction ) w hile th e  t r a i l i n g  o f f  o f  growth i s  recognized a s
2Boulding, "New Goals For Society?" p . 148.
3K ey fitz , "World Resources and th e  World Middle C la s s ."
FIGURE 20
GROWTH CURVES OF AN ORGANISM, AN ECOSYSTEM, AND A 
HUMAN POPULATION
Time
Growth Curve o f  An Organism
Days
Ecosystem Development o f  A F o rest 
(B -T otal Biomass, P -gross p roduction , N- 
Net p roduction , R-Total community re s p ira t io n )
Size
Years
Growth Curve o f  A Hunan Population
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t h e i r  resp ec tiv e  mature phases. In gen era l, mature phases in  eco­
system s a re  ch arac te rized  by a high degree o f  species d iv e rs i ty ,  
narrow sp e c ia liz a tio n , weblike food ch a in s , a  la rg e  biomass supported 
by a  com paritively  low energy flew , and h igh  inform ation . Figures 
11, 12, 17 and 18 a l l  sugge s t  asyrrptcrtic curves in  which th e re  appears 
to  b e , cn th e  average, some upper l im i t  to  th e  y values on th e  
graphs. One cannot b u t wender i f  th e  s im ila r i ty  between th e  growth 
o f  s t ru c tu ra l  c h a ra c te r is t ic s  in  so c ia l  systems and the  growth and 
development o f  eco lo g ic a l communities i s  more than co in c id en ta l.
There seems to  be some ju s t i f i c a t io n  to  expect th a t  as d i f f e r -  
e n t ia t ia n  and c e n tra l iz a tio n  o r complexity l e \ a l  o f f  a t  high va lues, 
th a t  inform ation becomes increas ing ly  im portant to  developing 
s o c ie t ie s  reaching a  s te a d y -s ta te ,  n o t cn ly  in  terms o f  a  w ider 
network o f  communication necessary fo r  s o c ia l  s o l id a r i ty  and fo r  
system se lf - re g u la tio n , b u t  a lso  and more concre te ly  fo r  decision  
making fo r  the  fu tu re  course and d ire c tio n  o f  system o p era tio n . Both 
involve th e  need fo r more inform ation and h igher le v e ls  o f  inform ation 
p rocessing  fo r  managing th e  goals and coord inating  th e  o b jec tiv es  
between p r iv a te  and p u b lic  se c to rs . That i s ,  goals become more 
" so c io -c e n tr ic "  and geared  to  in d iv id u a l needs as w ell as to  th e  
minimum requirem ents o f  s o c ie ta l  func tion in g .
In the  p a s t , in form ation  as rep resen ted  by the  s c ie n t i f i c  
accruement o f  knowledge, fo r  example, d e a l t  mainly w ith  problem -solving 
in  a  techno log ica l sense , i . e . ,  o rganizing  and reorgan izing  s o c ia l
^Eugene P. Odum, "The Strategy o f  Eoosystem Development."
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behavior in  accordance w ith  some p re fe rred  s ta te  o f  the  system  o r  
a  s e t  o f  goals th a t  were mainly concerned w ith physica l needs. But, 
s ta te s  Dunn:
"The paramount problem o f  our t in e  confron ts 
us w ith  th e  n e c e ss ity  o f  find ing  a  s ta te  
c o n s is te n t w ith a  process -  i . e . ,  developing 
forms o f  s o c ia l  o rgan iza tion  and a  h u o an is tic  
e th ic  based cn a  human science th a t  can be 
used to  organize the  process o f  s o c ia l  lea rn in g  
in  the  se rv ice  o f  th e  process o f  human develop­
ment."®
In creas in g ly , technolog ies in  inform ation processing  and 
s to rage  a re  being hera lded  as th e  "new rev o lu tio n ."  Conputer 
sim u la tion , fo r  example, nay be one way fo r  producing new knowledge 
about how s o c ie t ie s  as systems work. Ccncommitantly, knowledge as 
power to  produce new outcomes e n te r ta in s  th e  p o s s ib i l i ty  o f  viewing 
s o c ie t ie s  as le a rn in g  systems capable o f  a c t iv i t ie s  d ire c te d  to
g
ev a lu a tin g , o rgan iz ing , and changing behavior.
The p ra c t ic a l  s ig n ifican ce  o f  a  thermodynamic p resen ta tio n  
o f  so c ie ta l  growth and development has been a lluded  to  by many 
stu d en ts  in  a  m u lt ip lic i ty  o f  f ie ld s .  E. Odum, fo r  one, in  comparing 
th e  succession phase in  eco log ica l communities to  what i s  occurring  
in  the contemporary w o rld 's  s o c ie t ie s ,  enphasizes th a t  thus f a r ,  
man has emphasized p ro d u c tiv ity  and growth r a th e r  than the  s tra te g y  
o f  n a tu re  which enphasizes lew p ro d u c tiv ity  in  the  succession phase. 
Odum s ta te s :
^Dunn, Economic and S o c ia l Development, p . 217.
^H erbert A. Simon:, "What Computers Ifean For Man and Society" 
Science 195:4283: 1977.
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"A balance between youth and m atu rity  in  th e  socio- 
environm ental system i s ,  th e re fo re , th e  r e a l ly  
b asic  goal th a t  must be achieved i f  nan as a  
species i s  to  su ccessfu lly  pass through th e  p resen t 
napid-growth s tag e , to  which he i s  c le a r ly  w ell 
adapted, to  th e  u ltim a te  equ ilib rium -density  
s tag e , o f which he as y e t shows l i t t l e  understand­
ing  and t o 7which he now shows l i t t l e  tendency 
to  adap t."
Bruce Hannon proposes a  so lu tio n  fo r  th e  dilemnas fac ing  th e  contem­
porary  s o c ie t ie s  o f  th e  world w ith  re sp ec t t o  energy use and d ep le tio n . 
E s se n tia lly , energy cost in  th e  w orld 's  in d u s tr ia l iz e d  s o c ie t ie s  up 
u n t i l  new has never been rep re se n ta tiv e  o f  i t s  importance in  th e  market­
p lace  . In  o th er words, p ro d u c tiv ity  has occurred a t  th e  expense o f  
cheap energy ra th e r  than  high-wage lab o r. The c e n tra l  conclusions he 
makes i s  th a t  convenience w i l l  have to  be reduced, production w il l  have 
to  becane mere la b o r- in te n s iv e , and the  adoption o f  energy as a  standard  
value in  measuring e ff ic ie n c y  and r e a l  co s t w i l l  have to  be pursued.®
The p o s s ib i l i ty  th a t  energy reduction  o r a t  l e a s t  a  cease in  th e  
r a te  o f growth o f energy consumption nay no t e f fe c t  th e  w elfare o f  
a  so c ie ty  i s  in d ica ted  in  th e  stud ied  c o rre la tio n s  between energy 
consumption and various economic and s o c ia l in d ic a to rs  conducted by 
Mazur and Rosa. They found th a t  v a ria tio n  in  energy consumption 
w ith in  developed co u n tries  i s  not s ig n if ic a n t ly  r e la te d  in  most o f
9th e  s o c ia l  in d ic a to rs , p a r t ic u la r ly  those  p e rta in in g  to  l i f e - s t y l e .
F in a lly , th e  im p lica tio n s fo r  a  continued growth in  energy use 
and tran sfo rm ation  la y  in  th e  fa c t  th a t  w ith  a  given energy budget,
7
E. Odum, "The S tra teg y  o f  Ecosystem Development," p . 26.
8Bruce Hannon, "Energy Conservation and th e  Consumer"
Science 189:95-102. 1975.
9Mazur and Rosa, "Energy and L ife -S ty le ."
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energy i s  c o n tin u a lly  s h i f te d  toward th e  maintenance o f  a  so c ia l  
system  fo r  any given le v e l  o f  growth and d  velopment. This means 
t h a t  a s  s o c ie t ie s  grow, in c re as in g  amounts o f  a v a ila b le  energy w i l l  
be needed to  m aintain  them a t  a  s te a d y -s ta te  i f  they  ev er should 
s to p  growing. The danger, o f  c o u rs e ,is  t h a t  evo lu tionary  development 
may p rog ress to  th e  p o in t where energy resou rces m y  n o t only 
become dep le ted  to  a r r e s t  f u r th e r  growth, b u t d isa llow  a  s tead y - 
s ta te  a t  a  le v e l  o f  development reached by a  so c ie ty . In s h o r t ,  
th e  d ep le tio n  o f  energy sources nay r e s u l t  in  system d ec lin e .
These p o s s ib i l i t i e s  are  e n te r ta in e d  by Odum in  h is  d iscu ssio n  o f  
th e  r i s e  and f a l l  o f  c iv i l iz a t io n s .- ^
In  c lo s in g , a  comment by Boulding perhaps b e s t  sunsnarizes 
th e  s ig n if ic a n c e  o f  continued growth fo r  the  fu tu re :
"The second law o f  thermodynamics, the  p r in c ip le  
o f  in c re a s in g  en tropy , i s  a  sp e c ia l  in s tan c e  
o f  a  much more genera l p r in c ip le  which might be 
described  as th e  'second law o f  p ra c t io a l ly  
e v e ry th in g ,' T his i s  th e  p r in c ip le  o f  the  
exhaustion  o f  p o te n t ia l ,  th a t  once a  p o te n t ia l  
has been r e a l iz e d  i t  i s  'u sed  up ' and cannot 
be r e a l iz e d  ag a in ....W e  may never have achieved 
a  tru e  s ta t io n a ry  s t a t e ,  b u t th e  normal r a t e  
o f  ev o lu tio n ary  development seems to  be very 
much slow er than  what we have experienced in  
the  l a s t  two c e n tu r ie s . Do we n o t ,  th e re fo re , 
have a  g re a t  slowdown ahead o f  us? Should we 
n o t expect th e  r e s to ra t io n  o f  a  pace o f  change 
th a t  seems more normal in  th e  l i g h t  o f  ev o lu tio n ­
a ry  h is to ry ?  The p ro b a b il i ty  o f  t h i s  would 
seem to  be very  h ig h ."
10H. Odum, Environment, Power, and S o c ie ty , pp. 321-235.
^^Kenneth E. Boulding, "The Shadow o f  th e  S ta tio n a ry  S ta te "  
in  Mancur Olson and Hans H. Landsberg, eds. The No-Growth S ociety  
(W. W. Norton and CO.: New York. 1973) pp. 97-98.
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APPENDIX A
ENERGY HEAT VALUES AND CONVERSION FACTORS
1. Heat Values o f  Gommon Fuels
1 m etric  ton  coal = 7.06 x 10® k ca l
= 7.06 x HP c a l
1 ton  co a l = 6.60 x 10® k ca l
1 b a r r e l  o i l  = 1.46 x 10° k ca l
1 g a llo n  gasoline = 3.48 x lO^ k ca l
1 cubic  fo o t gas = 2 6 1  kcal
2 . U nits and Conversion Factors
1 m etric  ton  coal = 1.0696 tons coal
o r  100 kg. = 1666.66 kw hours
= 4.8356 b a rre ls  o i l  
- 202.8735 gallons gasoline
= 27049.8084 cubic fe e t gas
= 28015873 BTU'S
3. Values o f  K fo r  Conversion o f  Common Fuels in to  One 
M etric Ton o f  Coal E quivalent o r  100 kg.
1 ton co a l k  = ,9349
1 b a r re l  o i l  k  = .2068
1 ga llon  gasoline k = .004929
1 cubic foo t gas k = .00003696
I  kw hour k = .0006
T BTU k  = .00000003569
Note; Heat values o f  common fu e ls  vary by q u a lity  and type.
The h e a t values given here  rep resen t average h ea t values 
under id e a l con d itio n s.
When re fe rence  i s  made to  c a lo r ie s  in  d iscussions o f  
food, 1 c a lo rie  a c tu a lly  rep re sen ts  1 k ilo c a lo r ie  
as used in  physics.
A ll values o f  energy given in  the  te x t  o f  chap ter VI 
a re  in  m etric  ten s  o f  coal eq u iv a len t. AH d a ta  fo r  
energy was taken from World Ehergy Supplies 1950-1974 
S ta t i s t i c a l  Papers, S eries J  No. 19 Department o f  
Economic and Social A ffa ir s ,  S t a t i s t i c a l  O ffice ,
United Nations: New York. 1976. See pages x v i i i -x ix  
fo r  conditions and method o f  oonversicn.
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APPENDIX B
SELECTED VALUES OF OCCUDIFF CALCULATED AS A FUNCTION 
OF THE NUMBER OF OCCUPATIONAL CATEGORIES AND THE 
NUMBER OF WORKERS IN EACH CATEGORY 
(in  hundreds)
Occupational Category
Country Year 0-1 2 3 4 6 7-9 5 10 N OCCUDIFF
Thailand 1960 1739 261 1543 7354 113324 9770 2733 0 7 .3550
H a iti 1950 85 95 0 605 14612 1018 592 0 6 .3068
Turkey 1965 2985 570 2935 3802 97393 18461 4749 0 7 .4938
Indonesia 1971 8 84-3 13733 12618 40557 238860 47333 15128 0 7 .6613
El Salvador 1961
%
203 19 267 416 4857 1323 859 42 8 .6704
Greece 1961 1251 266 1440 2219 19556 8053 2467 0 7 .7329
United King. 1966 23748 7658 34020 23833 8642 116535 29913 2509 8 .8258
I ta ly 1961 10435 2479 14058 14691 56344 80151 15693 909 8 .8303
U.S.A. 1973 120380 87670 151780 56210 31050 315570 118030 23260 8 .9143
Japan 1970 35622 20345 77477 61242 100526 186958 42313 0 7 .9195
Venezuela 1971 2761 717 3249 4485 6397 10448 4125 0 7 .9347
Occupational Category Code: (0-1) P ro fess io n a l, Technical and R elated , (2) A dm inistra tive ,
Executive, M anagerial, (3) C le r ic a l and R elated , 0+) S ales, (5) Service, (6) A g r ic u ltu ra l, 
Animal Husbandry, F o re stry , Fishermen, H unters, (7-9) Production and R elated , M iners, 
T ransporta tion , C ra fts , O perators, Laborers. N -  Number o f Occupational C ategories
APPENDIX C
REFERENTS FDR THE SAMPLE OF 70 OOINTRIES (1950-1959)
OCCU- GOV- TOT-
Country Year Oont» Cat. EPC. DIFF. EXP. CIRC
N igeria 1952 1 2 25 3 3
Egypt 1952 1 2 240 — 15 —
U. South A frica 1952 1 1 1943 — — 56
A lgeria 1959 1 2 240 — 35 26
Canada 1952 2 1 5427 — 14 246
U.S.A. 1952 2 1 7536 — 20 342
Argentina 1953 3 2 871 — —
B oliv ia 1958 3 2 143 — 8 —
B razil 1952 3 2 240 — 54
Chile 1952 3 2 72 6 _ 11 72
Equador 1952 3 2 118 — 13 49
Paraguay 1953 3 2 43 — 7 —
Peru 1952 3 2 326 — 39
Uruguay 1952 3 2 733 — 201
Surinam 1952 3 2 574 — — 31
Costa Rica 1952 3 2 237 — — 92
El Salvador 1952 2 2 99 — — 35
Guatemala 1950 2 2 106 .5794 5 —
Honduras 1952 2 2 117 — 7 20
Nicaragua 1952 2 2 113 — — 50
H a iti 1950 2 2 17 .3068 — —
Mexico 1950 2 2 567 — 4 —
Panama 1959 2 2 464 — 12 104
Venezuela 1952 3 2 1064 — « 71
Dominican Rep. 1959 2 2 172 — 18 25
Is ra e l 1952 4 1 948 — 18 167
S yria 1952 4 2 147 — — 19
Iran 1956 4 2 182 .6991 — —
Saudi Arabia 1952 4 2 173 — — 2
Turkey 1959 4 2 260 — 12 45
Japan 1952 4 1 677 — 11 374
In d ia 1952 4 2 106 — — 7
Iraq 1952 4 2 207 — 13 20
Kuwait 1950 4. 2 1332 — — —
Lebanon 1952 4 2 328 — — 76
Indonesia 1952 4 2 70 _ — 7
S. Korea 1955 4 2 137 .4125 10 —
Thailand 1953 4 2 35 — 11 —
China 1952 4 4 121 — — 19
N. Korea 1950 4 4 39 — — —
Mongolia 1959 4 4 549 — — 103
Belgium 1952 5 1 3632 - 12 384
Denmark 1952 5 1 2039 ~ 12 3 66
France 1952 5 1 2121 — 15 239
W. Germany 1952 5 1 3003 — — 242
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OCCU- GOV- TOT-
Country Year Cont. cat. EPC. DIEF. EXP. CIRC
Ire la n d 1952 5 l 1672 237
I t a ly 1952 .5 i 516 - 12 —
Luxembourg 1952 5 l 11920 - 12 436
N etherlands 1952 5 i 2014 — 14 249
U nited Kingdom 1952 5 i 4549 — 19 573
Finland 1952 5 l 993 » 11 269
Sweden 1952 '5 l 2434 — 16 445
Ice lan d 1952 5 l 2663 — — 439
Norway 1952 5 l 1951 — 11 396
S w itzerland 1952 5 l 1197 — — 300
Greece 1952 5 l 27 6 — 15 71
Spain 1952 5 l 604 — — 67
Yugoslavia 1952 5 i 451 - — 41
A lbania 1959 5 3 298 — — 45
B ulgaria 1959 5 3 1146 — — 201
Czechoslovakia 1952 5 3 3344 — — 137
E. Germany 1952 5 3 3273 - — 126
Hungary 1952 5 3 1349 — — 128
Poland 1959 5 3 2985 — — 144
Romania 1952 5 3 769 — 121
U.S.S.R. 1952 5 3 1785 — — 109
A u s tra i l ia 1952 6 1 3232 — 11 416
New Zealand 1952 6 1 2081 — 14 358
F i j i 1956 6 2 271 .7827 —
New Caledonia 1952 6 2 2885 — 40
T ota l
O bservations 70 70 70 70 5 33 56
Code
Continent (C o n t.)
1 A frica  
2■ North America
3 South America
4 Asia
5 Europe
6 Oceania
Category (C a t.)
1 Developed Market Economies
2 Developing Market Economies
3 Developed C en tra lly  Planned Economies
4 Developing C en tra lly  Planned Economies
R e fe re n tia ls
EPC -  Energy Per C apita
(Kilograms o f  coal equ iv .
OCCUDIFF -  O ccupational D if fe r ­
e n t ia t io n .
1DTCIRC -  T o ta l C ircu la tio n  o f  
Newspapers P er thousand 
In h a b ita n ts .
GOVEXP -  Government expend itu res 
as a  pe rcen t o f  Gross 
Domestic Product.
)
( - )  In d ica tes  m issing or unavailab le d ata .
APPENDIX C
KEIEKENTS FDR IHE SAMPLE OF 70 OOTJNTRIES (1960-1964)
OCCU- GOV- TOT-
Country Year Cont. Cat. EPC. DIFF. EXP. CIRC
Nigeria 1963 1 2 37 .6897 6 10
Egypt I960 1 2 298 .7519 18 -
U. South Africa I960 1 1 2194 .8470 9 57
Algeria 1961 1 2 261 - - 24
Canada 1961 2 1 5575 .9150 15 222
U.S.A. I960 2 1 8172 .9024 18 326
Argentina I960 3 2 1129 .9006 9 155
Bolivia I960 3 2 147 <* 9 27
Brazil I960 3 2 332 .7267 3 54
Chile I960 3 2 845 .8889 n 131
Equador 1962 3 2 172 .7126 13 52
Paraguay 1962 3 2 105 .7156 7 -
Peru 1961 3 2 450 .7787 9 -
Uruguay 1963 3 2 819 .9080 14 314
Surinam 1964 3 2 909 .8900 - -
Costa Rica 1963 3 2 262 .8056 12 75
El Salvador 1961 2 2 122 .6704 10 49
Guatemala 1964 2 2 185 .6303 7 -
Honduras 1961 2 2 187 .5678 12 -
Nicaragua 1963 2 2 278 .7037 7 54
Haiti I960 2 2 36 — - 11
Mexico i960 2 2 770 .7652 6 79
Panama i960 2 2 448 .8005 11 -
Venezuela 1961 3 2 1840 .8814 13 83
Dominican Rep. i960 2 2 157 .6327 13 27
Israel I960 4 1 1270 - 19 -
Syria 1964 4 2 386 .7666 15 21
Iran 1961 4 2 329 - 10 15
Saudi Arabia 1963 4 2 313 — 15 3
Turkey I960 4 2 245 .4777 11 51
Japan I960 4 1 1171 .8835 9 396
India 1961 4 2 151 .6013 8 -
Iraq 1962 4 2 519 — 17 12
Kuwait 1962 4 2 10156 - 12 3
Lebanon 1964 4 2 657 - 10 -
Indonesia i960 4 2 129 — 12 11
S. Korea i960 4 2 258 .6169 15 -
Thailand I960 4 2 64 .3550 10 11
China I960 4 4 683 — — -
N . Korea i960 4 4 1078 - _ -
Mongolia I960 4 4 540 - - 103
Belgium 1961 5 1 3926 .8161 12 285
Denmark I960 5 1 2830 .8767 12 353
France 1962 5 1 2672 .8746 13 252
W, Germany 1961 5 1 3688 .8555 14 -
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OCCU- GOV- TOT-
Country Year Oont. Cat. EPC. DIFF. EXP. CIRC
Ireland 1961 5 1 2061 .8600 12 225
Italy 1961 5 1 1220 .8303 12 101
Luxembourg I960 5 1 14007 .8406 10 445
Netherlands I960 5 1 2504 .8701 14 —
United Kingdom I960 5 1 4861 — 16 514
Finland I960 5 1 1529 .8430 13 359
Sweden I960 5 1 3572 .8587 16 —
Iceland I960 5 1 3645 .8423 9 438
Norway I960 5 1 2702 .8396 14 377
Switzerland I960 5 1 1873 .8219 10 321
Greece 1961 5 1 505 .7329 11 —
Spain I960 5 1 756 .8167 9 70
Yugoslavia 1961 5 1 904 • 7097 — 66
Albania 1961 5 3 314 — — 47
Bulgaria I960 5 3 1303 — 6 182
CzeckoSlovakia 1961 5 3 5113 .8619 — 236
E. Germany I960 5 3 4950 — 7 —
Hungary I960 5 3 2072 .8091 3 143
Poland I960 5 3 3107 - 8 145
Romania I960 5 3 1342 — — 147
TJ.S.S.R. I960 5 3 2839 — 7 172
Austrailia I960 6 1 3857 — 10 358
New Zealand 1961 6 1 2297 .8740 13 383
Fiji 1963 6 2 276 — 12 14
New Caledonia 1963 6 2 3754 .8445 ** 49
Total
Observations 70 70 70 70 48 59 52
Code
Continent (Cont.)
1 Africa
2 North America
3 South America
4 Asia
5 Europe
6 Oceania
Category (Cat.)
1 Developed Market Economies
2 Developing Market Economies
3 Developed Centrally Planned Economies
4 Developing Centrally Planned Economies
Referentials 
EPC - Ehergy Per Capita
(Kilograms of coal equiv.) 
OCCUDIFF - Occupational Differ­
entiation.
TOTCIRC - Total Circulation of 
Newspapers Per Thousand 
Inhabitants.
GOVEXP - Government expenditures 
as a percent of Gross 
Danes tic Product
( - )  in d ica te s  m issing or unavailable data.
APPENDIX C
REFERENTS FDR THE SAMPLE OF 70 OOlKTRIES (1965-1969)
OCCH- GOV- TOT-
Country Year Cent. Cat. EPC DIFF. EXP. CIRC
Nigeria 1966 1 2 62 6 7
Egypt 1966 1 2 319 .7839 — —
U. South Africa 1966 1 1 2434 — 11 45
Algeria 1966 1 2 286 .7316 — -
Canada 1965 2 1 7074 .9271 15 218
U.S.A. 1967 2 1 9770 .9171 21 337
Argentina 1965 3 2 1400 — — 148
Bolivia 1965 3 2 181 — 12 26
Brazil 1966 3 2 394 — 12 34
Chile 1967 3 2 1060 — 12 88
Equador 1965 3 2 214 13 47
Paraguay 1967 3 2 118 — 8 38
Peru 1965 3 2 536 — 11 -
Uruguay 1965 3 2 897 — 15 -
Surinam 1967 3 2 2055 — - 5
Costa Rica 1967 3 2 296 — 13 60
El Salvador 1967 2 2 168 — 9 -51
Guatemala .1967 2 2 192 — 8 27
Honduras 1967 2 2 183 — 10 17
Nicaragua 1965 2 2 244 — 9 49
Haiti 1967 2 2 30 5 18
Mexico 1965 2 0i_ 795 — 7 116
Panama 1965 2 2 580 — 11 81
Venezuela 1965 3 2 2091 — 12 70
Dominican Rep. 1965 2 2 170 — 18 27
Israel 1969 4 1 2347 .9123 31 205
Syria 1966 4 2 415 .7032 16 11
Iran 1966 4 2 412 .7698 14
Saudi Arabia 1965 4 2 622 — 16 8
lUrkey 1965 4 2 339 .4938 12 —
Japan 1965 4 1 1817 .9076 9 450
In d ia 1965 4 2 174 — 10 13
Iraq 1965 4 2 523 - 20 —
Kuwait 1965 4 2 7157 .8281 13 -
Lebanon 1965 4 2 646 — 10 77
Indonesia 1965' 4 2 112 6 7
S. Korea 1967 4 2 582 .7472 11 76
Thailand 1965 4 2 130 — 10 13
China 1965 4 4 456 —
N. Korea 1965 4 4 1518 — — —
Mongolia 196 9 4 4 815 — — —
Belgium 1965 5 1 4384 — 13 285
Denmark 1965 5 1 4144 .8847 15 347
France 1968 5 1 3408 . 8 9 9 9 13 243
W. Germany 1965 ■5 1 4376 - 15 326
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OCCU- GOV- TOT-
Country Year Cont. Cat. EPC. DIFF. EXP. CIRC
Ire la n d 1966 5 1 2470 .8727 13 243
I ta ly 1965 5 1 1752 .8366 14 113
Luxembourg 1965 5 1 15338 — 11 477
N etherlands 1965 5 1 3323 — 16 293
U nited Kingdom 1966 5 1 5045 .8258 17 488
F in land 1965 5 1 2699 — 15 —
Sweden 1965 5 1 4575 .8703 17 ■ 505
Ice land 1965 5 1 3849 — 9 435
Norway 1965 5 1 3542 — 16 384
Sw itzerland 1965 5 1 2679 — 12 376
Greece 1969 5 1 l l 4 l — 13 85
Spain 1969 5 1 1382 .8419 n 105
Yugoslavia 1965 5 1 1189 — — 90
A lbania 1965 5 3 341 — - 42
B ulgaria 1965 5 3 2575 .8316 - 172
Czechoslovakia 1965 5 3 5720 — — 280
E. Germany 1965 5 3 5434 — - 421
Hungary 1968 5 3 2779 .8089 - 205
Poland 1965 5 3 3514 — — 167
Romania 1966 5 3 2219 .7377 — l 6 l
U .S.S.R, 1965 5 3 3620 — — 264
A u s tra i l ia 1966 6 1 4696 .8679 12 370
New Zealand 1966 6 1 2647 .8787 14 380
F i j i 1965 6 2 352 — 12 17
New Caledonia 1969 6 2 7296 .8634 - -
T btal
O bservations 70 70 70
Code
C ontinent (C ent.)
1 A frica
2 North America
3 South America
4 A sia
5 Europe
6 Oceania
Category (C a t.)
70 24 . 53 57
R e fe re n tia ls  
EPC -  Ehergy Per C apita
(Kilograms o f  coal eq u iv .) 
OCCUDIFF -  O ccupational D iffe r­
e n tia t io n .
TDTCIRC -  T otal C ircu la tio n  o f 
Newspapers P e r Thousand 
In h ab itan ts  
GOVEXP -  Government expend itu res 
as a  percen t o f  Gross 
Domestic P roduct.
1 Developed Market Economies
2 Developing Market Economies
3 Developed C e n tra lly  Planned Economies
4 Developing C en tra lly  Planned Economies
( - )  in d ic a te s  m issin g  or unavailab le data .
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OCCU- GOV- TOT-
Country Year Oont. Cat. EPC. DIFF. EXP. CIRC
Ire lan d 1971 5 1 3367 .8945 14 234
I ta ly 1970 5 1 2793 — 13 144
Luxenbourg 1970 5 1 17389 .8413 10 —
N etherlands 1970 5 1 4943 — 16 315
United Kingdom 1971 5 1 5462 .8688 18 —
Finland 1970 5 1 4071 .8802 16 —
Sweden 1970 5 1 6430 .9052 21 534
Iceland 1971 5 1 4332 — 10 449
Norway 1973 5 1 4993 .9117 ' 16 391
Switzerland. 1970 5 1 3546 — 12 375
Greece 1971 5 1 1485 .8384 13 76
Spain 1970 5 1 1514 .8539 11 104
Yugoslavia 1971 5 1 1649 .8038 — 85
Albania 1970 5 3 632 — — 47
B ulgaria 1970 5 3 3941 — — 193
Czechoslovakia 1970 5 3 6522 <- 252
E. Germany 1972 5 3 6369 — — 425
Hungary 1970 5 3 3152 .8001 — 214
Poland 1970 5 3 4269 .8291 — 209
Romania 1970 5 3 3013 — — 169
U.S.S.R. 1970 5 3 4424 — — 336
A u s tra llia 1971 6 1 5562 .8861 13 —
New Zealand 1971 6 1 2911 .8916 16 —
F i j i 1970 6 2 473 — 14 30
New Caledonia 1970 6 2 9877 — - 71
Total
O bservations 70 70 70 70 39 54 48
Code
Continent (Oont.)
1 A frica
2 North Anerlca
3 South America
4 A sia
5 Europe
6 Oceania
Category (C at.)
1 Developed Market Economies
2 Developing Pferket Economies
3 Developed C en tra lly  Planned Economies
4 Developing C en tra lly  Planned Economies
R eferen tia ls  
EPC -  Energy Per C apita
(Kilograms o f  coal equ iv .) 
OCCUDXPP -  Occupational D iffe r­
e n tia t io n  .
TOTCIRC -  I b ta l  C ircu la tio n  o f 
Newspapers Per Thousand 
In h ab itan ts  
GOVEXP -  Government expenditures 
as a  percent o f  Gross 
Domestic Product.
( - )  in d ica te s  m issing or unavailable data.
APPENDIX D 
VARIABLES K)R WHICH DATA WERE COLLECTED
1. Country
2. Year
3. Continent
4. Economic Category
5. Population
6. Population Growth Rate
7. Energy -  Ib ta l  Primary Production
8. Energy -  Imports
9. Energy -  Exports
10. Energy ~ T o ta l Aggregate Consumption
11. Energy -  Per C apita
12. Gross Domestic Product Per Capita
13. OCCUDIFF -  c a lcu la te d  values
14. GOVEXP -  Percent Expenditure o f  Gross Domestic
Product fo r  F inal Government Consumption
15. Number o f Daily General ■ In te re s t  Newspapers
16. TOTCIRC -  I b ta l  Newspaper C ircu la tio n  Per Che
Thousand in h ab itan ts
17. Number o f  Books Published
vim
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education  as Union College in  Kentucl<y in  1962, re c e iv in g  the  
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Prom th e re  he a ttended  th e  D iv in ity  School o f  Duke U n iv e rs ity , 
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